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One of the main objects of cereal chemistry in recent years has 
been the evolving of tests capable of revealing to the miller and to 
the baker defects in his flour which would ultimately show up as faults 
when that flour was made into bread, cakes, etc. One such defect 
for which there has been no satisfactory test in the past is the tendency 
of some flours to give rise to stickiness and undue softness or dampness 
in the crumb of the baked goods. The present investigation was, 
therefore, undertaken in the hope that a method might be devised 
which would permit the determination of the extent to which a flour 
is likely to give rise to stickiness and streaks in the crumb. 

This particular fault is not restricted to yeast-fermented goods 
but is encountered in goods which are aerated by other means; as a 
matter of fact, it has been particularly prevalent in recent years in the 
so-called ‘‘soda bread”’ which constitutes something like 60% of the 
bread produced in Eire. This bread is produced by adding soured 
milk and sodium bicarbonate to the flour (which often contains some 
monocalcium phosphate) to make a slack dough and then baking this 
in special iron pots at a relatively low temperature for a comparatively 
long time. The baking is often accomplished on a peat fire and the 
lid is also covered with glowing peat, a procedure which corresponds 
approximately to an oven temperature of 390°-440°F. For large 
loaves the actual baking may proceed for as long as 14% hours. The 
flour for this purpose is milled from a grist of soft weak wheats and 
the trouble of sticky crumbs in the resultant bread has naturally been 
much more prevalent since the Irish millers have been obliged by law 
to employ a considerable proportion of native wheat, much of which 
has been somewhat out-of-condition and sprouted. 

The same trouble of stickinéss and streaks in the cooked goods is 
also experienced in the case of self-raising flour, which has become 
increasingly popular in recent years. Since in England the native 
wheat is often a constituent of the grist for such flour, the trouble is 
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more common in those years when the harvest has been a wet one 
resulting in the presence of sprouted kernels in many samples of 
English wheat. 

In the past, one test has provided a useful, although by no means 
infallible, guidance concerning the likelihood of flours to lead to stick- 
iness in the crumb of the baked goods, although the test was originally 
devised and later modified for quite different purposes. The test in 
question is the maltose test which was devised by Rumsey (1922) as 
a measure of one factor of flour strength but was later modified by 
Kent-Jones (1924, p. 255) who then employed it as an index of the 
gas producing power of flour (p. 264). This latter worker, who deter- 
mined the amount of maltose present after incubation by means of 
Fehling solution and the methylene blue titration method of Lane 
and Eynon (1923) and expressed the results on a percentage basis, 
found that the maltose figures of English commercial baking flours 
ranged from less than 1% to rather more than 3%. He suggested 
that, if a flour is to gas satisfactorily during fermentation, it should 
have a maltose figure not lower than 1.6% (later modified—1927, 
p. 360—to 1.5%) but he also suggested (1927, p. 361) an upper limit 
of 2.3%, since it had been found that flours possessing maltose figures 
higher than this were very liable to develop stickiness in the crumb 
of the loaf or other baked goods. The underlying principle of the 
maltose test, namely the measurement of the extent of diastatic action 
upon the starch of the flour concerned and not upon specially prepared 
starch which may have become modified in nature, is now well estab- 
lished and, although in Britain and indeed in Europe generally the 
procedure suggested by Kent-Jones is commonly used and the results 
expressed as a percentage, in America the method of Blish and Sand- 
stedt (1933) is more commonly followed. In this latter method the 
flour is incubated with a buffer solution at a temperature of 30°C. and 
the maltose determined through its reducing action on ferricyanide 
in alkaline solution; the results are expressed as milligrammes of mal- 
tose formed from 10 g. of flour (Rumsey units). 

Numerous investigations of the maltose test have been undertaken 
but these have been mainly concerned with the correlation between 
diastatic activity and gas production or with the comparison of results 
obtained by different methods. Attention may be drawn to the fol- 
lowing: Malloch (1929); Blish, Sandstedt, and Astleford (1932); Davis 
and Worley (1934); Eva, Geddes, and Frissell (1937); Davis (1937); 
Bottomley (1938). The general opinion of workers has been that, 
while there is not an exact relationship between maltose figure and 
gas production, the maltose figure does nevertheless give useful guid- 
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ance concerning the general gassing power of a flour and its liability 
to give rise commercially to defects due to incorrect diastatic activity. 
Kent-Jones (1938, p. 580) stated that ‘‘ Nevertheless, in general com- 
mercial experience, the value of the maltose test will be confirmed 
by most workers, and it is generally dangerous to have too low a mal- 
tose figure as then there may be lack of gassing power under some 
systems of fermentation and there is the possibility of pale crust.”’ 
Fisher, Halton, and Hines (1938), however, differed from a number 
of previous workers in that they could not in their tests obtain even 
a reasonable correlation between maltose figure and gas production 
and they concluded that the real value of the test lay in the upper 
limit of the scale. They stated that flours with maltose figures above 
2.3%—the upper limit suggested by Kent-Jones (1927)—-gave sticky 
doughs, the loaves refusing to bake. This statement of these authors 
is, however, too definite since, although a high maltose figure is often 
accompanied by the production of stickiness in the crumb, it has been 
found that there are many exceptions and a high maltose figure, 
therefore, is not an absolute index that this trouble will arise and, in 
fact, cannot be regarded as other than a warning of the possibility of 
stickiness. 

Sherwood and Bailey (1926) and Kent-Jones (1927, p. 361) sug- 
gested that this trouble of stickiness in the crumb might be connected 
with excessive proteoclastic activity but Kozmin (1933) refuted this 
theory and stated that the trouble was due to excessive enzymic 
splitting up of the starch during the baking process. The resultant 
stickiness she attributed to the fact that, on account of the excessive 
enzymic action, insufficient starch remained to hold the water. Koz- 
min stated that the enzymic decomposition of the starch resulted in 
the production of dextrins in addition to sugar and suggested that 
a new criterion of flour quality—dextrinising capacity—was needed. 
In the light of modern knowledge this work of Kozmin has particular 
merit since it is now known that what at one time was regarded as 
the diastatic enzyme comprises a group of enzymes and that of the 
two main members of the group—alpha-amylase and beta-amylase— 
the former converts starch into dextrin. These two enzymes have 
been studied by a number of workers in recent years and knowledge 
of their probable significance in panary fermentation has thereby 
become much clearer. Reference must be made to the work of An- 
drews and Baily (1934); Ougrimov (1935); Read and Haas (1936); 
Munz and Bailey (1937); Blish, Sandstedt, and Mecham (1937) and 
Blish, Sandstedt, and Kneen (1938). The various investigators 
reveal that beta-amylase converts starch into maltose and a dextrin, 
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the former predominating. This enzyme is, however, almost without 
action upon raw undamaged starch and in a flour only acts upon those 
granules which have been rendered susceptible to attack, usually 
through mechanical disintegration during the milling. Alpha-amylase 
exhibits a different mode of attack upon the starch molecule and pro- 
duces, as a result of its action, dextrins. There is some uncertainty 
as to whether this enzyme alone is able to act upon raw undamaged 
starch (Blish, Sandstedt, and Kneen, 1938). 

Alpha-amylase is more thermo-stable than beta-amylase and is 
particularly active at temperatures in the region of 64°C. Therefore, 
when the alpha-amylase activity of a flour is high, considerable dex- 
trin formation will occur during the baking process; the rate of dextrin 
formation will continuously increase as the temperature of the dough 
rises to 64°C. and will be at a maximum at about this temperature. 
A given alpha-amylase activity will consequently have a greater detri- 
mental effect, if the baking is performed at a relatively low temperature 
and is comparatively protracted. Under such conditions the temper- 
ature of the dough will remain in the region of 64°C. for a longer 
period and a greater time will elapse before the dough reaches the 
temperature at which enzymic activity is inhibited. This is a further 
reason why, if the trouble of sticky crumbs is due to alpha-amylase 
activity, it should be particularly prone to occur in soda bread which, 
as explained previously, is baked at a comparatively low temperature 
for a long time. Similar considerations naturally apply to other 
breads and goods subjected to similar baking conditions. 

The above considerations reveal that there is a very definite need 
for a test which will provide a measure of the alpha-amylase activity 
of a flour. Obviously, in devising such a test it is essential to follow 
the principle adopted in the maltose test and to ensure that the enzyme 
is allowed to act upon the starch of the flour itself and not upon an 
artificially prepared or soluble starch. It is realised, of course, that 
closely allied enzymes, such as alpha- and beta-amylase, cannot be 
considered as functioning quite independently of one another, thus 
permitting the ready assessment of the activity of one of them entirely 
uninfluenced by that of the other. For the purposes of flour control 
work, however, it is only necessary to be able to measure reliably the 
quantity of dextrin formed under standardised and controlled con- 
ditions, provided the measurements so obtained can be shown to check 
up with the results actually obtained in baking. The method to be 
described is of this nature and after long experience in the authors’ 
laboratory it has proved to be definitely useful in practice. It has 
revealed that, although the maltose figure has in the past proved a 
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useful general guide as to the probability of stickiness in the crumb, 
the maltose figure and alpha-amylase activity do not always run paral- 
lel and sometimes a distinctly high maltose figure may be accompanied 
by low alpha-amylase activity and vice versa. 


Details of the Test 


Molin (1934) devised a method for the determination of sprout 
damage in wheat and rye in which the extent to which autolytic hy- 
drolysis proceeded in a flour-water mixture at 62°C. was measured 
refractometrically. The temperature of 62°C. was selected as being 
in the region of the optimum for the dextrin-forming enzyme. Munz 
and Bailey (1937) introduced certain modifications into the technique. 
It has been the authors’ experience, however, that when this method 
is applied to ordinary flours the variations in refractive index so ob- 
tained are not of sufficient magnitude to enable a satisfactory differ- 
entiation to be made between different flours. It seemed that the 
most logical way of attaining the object in view would be to perform 
a high-temperature incubation as suggested by Molin and then actually 
to determine the quantity of dextrin formed under these conditions. 
Edwards, Nanji, and Chanmugan (1938) have devised a procedure 
for the determination of dextrin in the presence of sugar and starch 
and it was, therefore, decided to attempt to combine the principle of 
this procedure with that of Molin’s method. 

It must be borne in mind that the aim of this investigation was 
to devise a comparatively simple analytical procedure which would 
enable reasonably valuable prognostications to be made concerning 
the behaviour of a flour when baked. In other words, provided the 
method permitted reasonable duplication and furnished results capable 
of significant interpretation, it would fulfil admirably the object in 
view and there would be no need to lengthen the investigation in order 
to introduce refinements which could serve no useful purpose. After 
numerous experiments and trials the following technique was finally 


adopted: 


Weigh 1.25 g. of the flour under test into a dry clean boiling tube (6x1 
inches) provided with a fairly thin glass stirring rod. Molin employed 
a bare stirring rod but the present authors have found that if a rubber- 
tipped one is used the stirring of the flour-water mixture into a per- 
fectly smooth paste, which is of course an essential step in the process, 
can be accomplished with greater certainty and ease. Add to the 
flour in the tube 3 ml. of distilled water at room temperature and care- 
fully stir the mixture into a thoroughly smooth paste. The authors 
have used distilled water as Molin did since it did not seem from the 
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work of Munz and Bailey (1937) that the employment of a buffer 
solution was necessary or even likely to be helpful. Particularly is 
this so in the present case where the ratio of water to flour is small 
and where, in any case, refinements possibly leading to a high degree 
of precision can afford no greater guidance commercially. 

Place the tube containing the flour-water paste in a water bath 
maintained at a temperature of 62°C.+0.1°C. The constancy of the 
temperature of incubation is, of course, extremely important and 
details of the construction of the bath and of the thermostatic arrange- 
ment are therefore given later. The time of incubation suggested by 
Molin was 10 minutes, but it was found that, employing ordinary 
boiling tubes which naturally vary slightly in wall thickness, etc., the 
adoption of such a period of heating resulted in a too marked variation 
between replicates. The duration of the time of incubation was 
accordingly lengthened to 30 minutes and this modification had the 
further advantage that it led to the production of a greater quantity 
of dextrin. 

After an incubation of exactly 30 minutes, therefore, remove the 
tube from the heating bath and plunge it into a bath of cold water. 
Allow it to remain in this cold bath for four minutes. On no account 
must the flour-water paste be stirred or in any way disturbed between 
the time it is immersed in the hot-water bath and the completion of 
its four minutes of cooling. To the cooled paste add 2 ml. of distilled 
water and stir the mixture again into a smooth paste. Then add 20 
ml. of water, stir the mixture thoroughly, and then centrifuge it. 

To 10 ml. of the supernatent liquid add 2 ml. of N/10 iodine solu- 
tion and enough alcohol-potassium acetate solution to give a total 
volume of 100 ml. (This latter solution consists of a mixture of equal 
volumes of alcohol! and distilled water to each 100 cc. of which mixture 
has been added 4 ml. of 10% potassium acetate solution.) Allow 
the solution to stand for 5 minutes or so and then filter off the precipi- 
tated starch iodide through a medium-sized Buchner funnel (about 
4 in. diameter). For this filtration it is found most convenient to 
use a No. 5 Whatman filter paper covered with a thin layer of prepared 
asbestos fibre as used with Gooch crucibles. 

Transfer 50 ml. of the clear filtrate to a glass evaporating dish 
and evaporate it down on a water bath to a volume of 5—6 ml. This 
evaporation must not be allowed to proceed too far as, if the volume 
becomes less than 5 ml., some material is thrown down as a rubbery 
encrustation which is not soluble on the addition of the small quantity 
of the alcohol presently to be added. A slight cloudiness at this stage 





1 In England when the test is used in routine work the alcohol is replaced by industrial spirit B.P. 
which is available to laboratories. 
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is, however, not important as this disappears when the first small 
quantity of alcohol is added. 

Wash out the small volume of liquid from the evaporating dish 
into a 250-ml. beaker with about 10—15 ml. of 95% alcohol! and then 
add a further quantity of the alcohol, making a total volume of 100 
ml.; some of this 95% alcohol! may be used for further washings of the 
evaporating dish, if necessary. The precipitate of dextrin is at first 
very fine but it gradually becomes more granular and settles. Allow 
the mixture to stand fer at least one hour but, better still, overnight. 
Filter off the precipitated dextrin on a tared alundum crucible of 
medium porosity and wash with alcohol and finally with ether. Dry 
the precipitate at 100°C. for one hour and then weigh it. The result 
is reported to the nearest 0.5%. 

It is fortunate that the presence of normal self-raising ingredients 
does not interfere with the determination and the technique can be 
applied without modification to self-raising and soda bread flours. 

With respect to replication, it is usual for duplicate tests to vary 
from the mean by not more than +0.5 dextrin unit. In other words, 
a flour giving a dextrin figure of 7.5 should upon being retested afford 
a value lying between 7.0 and 8.0 dextrin units. Such a degree of 
accuracy is, of course, quite satisfactory for the routine testing of 
commercial flours. 

It is, of course, of utmost importance that both the time and 
temperature of incubation given in the method are rigidly adhered to 
and it is accordingly necessary that the bath be so designed and con- 
structed that the limits of variation of temperature from the chosen 
figure of 62°C. are +0.1°C. as suggested by Molin (1934). 

In case it may be of help to workers who have no suitable bath 
available, details of the bath the authors have constructed are given. 
A wooden shell 16x20 inches by 13 inches deep was constructed and 
fitted with supporting pieces at the bottom and sides so as to receive 
a copper bath two inches smaller in each dimension. The space 
between the inner bath and the outer wooden shell was packed with 
granulated cork, and the top of this intervening space was sealed with 
copper sheeting affixed to both the bath and the wooden shell; this 
was done in order to prevent moisture from gaining access to the cork. 

Across the middle of the top of the bath from back to front is 
fitted a copper-faced wooden bar which supports a toluol regulator, 
the necessary immersion heaters, the shaft of the stirrer and a ther- 
mometer. On either side of this bar is fitted a removable lid which 
comprises a two-inch-thick wooden box packed with granulated cork 
and faced on its underside with sheet copper. Where the heaters 
pass through the middle bar to dip into the water, a tight joint must 
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be made with bitumen or some such compound to ensure that the 
water vapour arising from the bath does not come into contact with 
the wires connecting the mains to the heaters. Unless this precaution 
is efficiently carried out, it is most probable that the bath and the 
water will become electrified and this may lead to serious accidents. 

The stirrer is operated by an electric motor and the immersion 
heaters are supplied with current through a vacuum relay which is 
operated by the toluol regulator. 

The authors’ bath, constructed as above, has been in continuous 
use for more than six months and the temperature has not varied 
from the 62°C. by more than the suggested limits. 

It will be found convenient to construct metal holders (cages) to 
take say six boiling tubes of the size mentioned. This enables a series 
of tests to be immersed in the incubating bath simultaneously and 
also to be removed from this bath and placed in the cooling bath all 
together without any loss of time. These cages are so constructed 
that the test-tubes can be secured in their respective positions and, 
when in place, are immersed to at least half their length. 


Examination of Results and Discussion 


Having finally decided upon the technique of the proposed test, 
which it must be remembered is empirical in nature and, therefore, 
requires that the conditions laid down shall be rigidly adhered to, the 
authors applied the method to a large number of commercial flours 
which covered a wide range as regards liability to produce sticky 
crumbs. It is proposed to discuss a number of these results in this 
section of the paper. Before the method was employed with com- 
mercial flours, a series of preliminary experiments was performed 
in order to obtain an idea of the relationship between the magnitude 
of the dextrin figure and the degree of stickiness in the crumb, and 
the results of one of these experiments will be found in Table I. An 


TABLE I 


Errects or ADDITIONS TO FLouR oF DiAstTatic ENZYME PREPARATION CONTAINING 
Beta- AND ALPHA-AMYLASE BUT PARTICULARLY HIGH 
In ALPHA-AMYLASE ACTIVITY 











Maltose Dextrin Nature of 
Sample figure figure crumb of loaf 
% 
Control flour 1.83 $.5 Satisfactory 
Control flour + 0.008% enzyme 
preparation 3.61 8.1 Satisfactory 
Control flour + 0.016% enzyme 
preparation 4.80 13.0 Just sticky 


Control flour + 0.032% enzyme 
preparation 5.32 19.0 Very sticky 
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enzymic preparation which, although containing some beta-amylase, 
was particularly active in alpha-amylase was obtained and was added 
in comparatively small proportions to an otherwise satisfactory flour. 
By this means it was possible to produce damp and sticky crumbs, 
thus confirming the general theme of this paper, and to obtain an idea 
of the correlation between the dextrin figure and crumb stickiness. 

In Table II will be found a selection of the very large number of . 
results which the authors have obtained by the application of this test 


TABLE II 


DEXTRIN FIGURES, BAKING RESULTS, AND MALTOSE FIGURES OF A SERIES OF 
COMMERCIAL FLouRS 








Maltose 
Lab. ref. figure Dextrin Nature of crumb 
no. % figure of loaf 





YEAST BAKING FLOURS 





PZ. 606 1.83 5.5 Satisfactory 

YZ.669 2.10 6.5 ei 

CZ.599 2.53 6.0 " 

K. 885 2.43 5.5 

QZ.810 3.34 17.0 Very sticky and damp 

SODA BREAD FLOURS 

BZZ.1220 1.18 5.0 Satisfactory 
BZZ. 1290 1.00 6.0 
SZZ. 1100 1.20 6.0 = 
SZZ. 1101 1.13 6.5 7 
SZZ. 1102 1.13 5.0 " 
SZZ. 1108 1.09 7.5 5 
XZZ.1373 1.34 7.0 me 
SZZ. 1093 1.13 8.0 
SZZ. 1094 1.13 7.0 - 
SZZ. 1095 1.00 9.0 re 
OX. 154 1.61 LP é 
CZZ. 670 1.40 8.5 ze 
Tae vee 1.39 10.0 = 
RZZ.1188 1.34 10.0 a 
XZZ.1374 1.32 10.5 Border line case 
XZZ.1387 1.32 11.0 ws 7. 
XZZ.1383 1.60 12.0 " oe 
XZZ.1419 1.21 13.5 sa pai 
XZZ.1415 1.25 11.5 ss a 
XZZ.1381 1.56 14.0 Damp and sticky 
SZZ. 1125 1.69 12.5 ~ " = 
FZ. 527 1.65 12.5 _ ” * 
FZ. 574 1.77 14.0 vn . xy 
EZ. 984 1.51 12.5 = “ “i 
SZZ. 1113 1.33 15.0 Very damp and sticky 
SZZ. 1116 1.36 15.5 56 oe = os 
FZ. 575 2.15 18.0 $ = = 5 
FZ. 576 2.32 19.5 = i ye 
XZZ.1209 1.34 17.0 ss = = = 
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to commercial flours. The results have been arranged in four groups 
on the basis of the degree of stickiness found in the baked goods. 

Before discussing the main implications of the table, attention is 
drawn to certain interesting results which reveal clearly that the mal- 
tose figure is not a reliable indication as to whether stickiness will or 
will not be present in the crumb of the baked goods. For instance, 
flours XZZ.1373 and XZZ.1209 both possess the same maltose figure 
of 1.34% but, whereas the former has a dextrin figure of 7.0 and bakes 
satisfactorily, the latter has a dextrin figure of 17.0 and produces a 
very sticky crumb. Then again, samples OX.154 and FZ.527 have 
essentially the same maltose figure (1.61% and 1.65% respectively) 
but they differ appreciably in alpha-amylase activity at 7.5 and 12.5 
dextrin units respectively. Examining the matter from the other 
angle, it will be seen that flours CZ.599 and BZZ.1290 reveal identical 
alpha-amylase activities (dextrin figures of 6.0) but, whereas the latter 
flour has a very low maltose figure of 1.0%, the other sample has 
a very high maltose figure of 2.53%. 

Thus, although the table reveals that a low maltose figure gen- 
erally means that the crumb of the goods will be satisfactory and free 
from stickiness, yet, owing to the fact that the alpha-amylase and 
beta-amylase activities obviously do not always run parallel, a flour 
may have a low maltose figure and yet give a high dextrin figure and, 
in such cases, it is likely that the baked goods will prove unsatisfactory. 
Samples XZZ.1209, SZZ.1116, and SZZ.1113 in Table II are a few 
illustrative examples of this type of flour; they have low maltose 
figures at 1.34%, 1.36%, and 1.33% respectively, whereas their dextrin 
figures are high at 17.0, 15.5, and 15.0 respectively. Alternatively, 
a high maltose figure does not necessarily entail a high alpha-amylase 
activity as is seen in the case of samples YZ.669, CZ.599, and K.885 
recorded in Table II. These flours all possess high maltose figures 
at 2.10%, 2.53%, and 2.43% respectively but nevertheless are low in 
alpha-amylase activity as revealed by the low dextrin figures of 6.5, 
6.0, and 5.5 respectively. Thus, although these samples possessed 
high maltose figures, they did not and would not give rise to sticky 
and damp crumbs. 

It will be realised that with any kind of bread fault arising from 
the nature of the flour there must be borderline cases. In other words, 
it is impossible with any type of defect to devise a test which will 
provide a precise limit above or below which the flour will be satis- 
factory or unsatisfactory as the case may be. Flours posessing values 
in the region of the suggested limit may give either satisfactory or 
unsatisfactory results according to the conditions to which they are 
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subjected in the baking test. If, however, a flour possesses a value 
in the region of the limit, it must be definitely suspect and con- 
sidered as liable to give complaints, although not necessarily bound 
to do so. 

The general experience of this test based upon the great number 
of baking tests made to check up the correlation between the dextrin 
figure and the occurrence of stickiness in the crumb similar to those 
reported in Table II, suggest that, if a flour intended for the pro- 
duction of Irish soda bread or self-raising goods is to be perfectly 
satisfactory and not in any way liable to give stickiness in the crumb, 
then the dextrin figure should be below 10.0. The further the figure 
is below 10.0, the more satisfactory the flour is from this point of 
view. Many really good flours give dextrin figures around 5.0—6.5 
or even lower. 

Dextrin figures over 10.0 indicate that the flour is capable of giving 
some stickiness and clamminess in the crumb if the baking conditions 
are adverse, as, for example, when the baking temperature is low and 
the time of baking prolonged. It may happen that no commercial 
complaints are received about a flour possessing a figure somewhat 
above 10.0 but such a figure is nevertheless a danger signal and the 
flour certainly cannot be considered as completely safe and free from 
capability of causing the type of trouble being discussed. 

Experience has shown that the more the dextrin figure is above 
10.0 the greater the danger of trouble, and really high figures such as 
16.0—20.0 or even higher, which are sometimes encountered (see flours 
at end of Table II) indicate that the flour is likely to give trouble 
of stickiness in the crumb under almost all baking conditions, whether 
favourable or not. 

It is difficult to forecast the behaviour of a flour which has a dextrin 
figure between 10.0 and 14.0. It will depend entirely upon the con- 
ditions. It is quite possible that a flour with a dextrin figure of 12.5 
may prove satisfactory while one with a figure of 11.5 may lead to a 
complaint. The reason for such a happening is that the flour with 
a figure of 12.5 has been baked under favourable conditions, while the 
flour with a figure of 11.5 has been baked under adverse conditions, 
i.e. those which have afforded greater scope for alpha-amylase activity. 
Thus the data of Table II show that flour XZZ.1419 with a dextrin 
figure of 13.5 did not happen to give such a poor baking result as 
regards stickiness of crumb as flour EZ.984 with the slightly lower 
dextrin figure of 12.5. In a controlled experiment, of course, in which 
both flours had exactly the same baking, that with the higher dextrin 
figure would tend to give the worse loaf. This would be seen more 
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especially when the actual conditions chosen were difficult ones such 
as long baking at a low temperature. 

The suggestions given above concerning the limits for dextrin 
figures refer to flours intended for the production of soda bread or of 
self-raised goods and do not necessarily apply to yeast baking flours. 
Limits for such flours have not been suggested since, at the moment, 
we have not had sufficient commercial yeast baking flours high in 
alpha-amylase activity to enable correlation tests to be made. It 
may be that a given dextrin figure would be less likely to cause trouble 
in yeast bread than in soda bread, owing to the fact that the former 
process involves baking at an appreciably higher temperature for a 
distinctly shorter period and thus considerably curtails the activity 
of the alpha-amylase. This dextrin test would have been useful in 
1926 when the Manitob~ crop caused considerable difficulties in Eng- 
land from stickiness of crumb (Kent-Jones 1927, p. 361). Under 
such conditions the limits for the dextrin figures of yeast baking flours 
could soon be established. 

Often goods of the pudding or dumpling type are made from self- 
raising flour, and when the flour is unsatisfactory these dumplings are 
heavy and dough-like when cut instead of being light and mealy. 
Indeed, the boiling of dumplings is often used in England for testing 
self-raising flours. This method can, of course, with advantage be 
replaced by the dextrin test which gives a quantitative result and 
permits a better differentiation between individual flours. 

The dextrin figure test can also be applied to wheat. In this case, 
the wheat should be milled on a laboratory mill under standard con- 
ditions and the test applied to the resultant flour. It is advisable to 
make one or two tests upon laboratory milled and commercially 
milled flour from the same wheat in order to ascertain the relationship 
between the two. When sprouted or out-of-condition wheat has to 
be used, the application of this test will be found of value in deciding 
the proportion of such wheat which can be employed with reasonable 
safety. 

There seemed another possibility for the utilisation of this test 
as a means of reducing the liability for trouble to occur when, owing 
to circumstances, a proportion of sprouted or out-of-condition wheat 
has to be employed. The dextrin figure of each of the flour streams 
in a mill grinding a grist containing sprouted wheat was determined 
and the tests revealed that certain streams were particularly high in 
alpha-amylase activity. In some cases, it might be possible to segre- 
gate such stocks. Certain preliminary work has been accomplished 
in this direction but the mills investigated have been too few to 
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warrant any very definite conclusions. It may be stated, however, 
that so far the first break flour has possessed a higher alpha-amylase 
activity than any other flour stream. 

Certain mechanical tests have been suggested as a means of assess- 
ing the alpha-amylase activity of flour. These depend upon a me- 
chanical measurement of the viscosity of a gelatinised starch paste 
resulting from the gradual heating of a flour suspension under carefully 
controlled conditions which permit appreciable enzymic conversion 
of starch. It would appear, however, that the reading obtained (con- 
veniently obtained in the form of a graph) is dependent upon the 
amount of starch which has escaped enzymic conversion and thus 
remains for gelatinisation and is not an index of the path by which 
the starch has been converted. 

In other words, such an instrument essentially measures the amount 
and not the nature of the starch conversion and if, for example, a 
given proportion of the starch is turned into maltose the results, as 
far as the viscosity curve is concerned, will be essentially the same 
as if the same proportion of the starch were converted into dextrin; 
the nature of the baked goods in the two cases might, however, be 
very different. The authors have investigated this method and find 
that it usually gives a useful general guide as to the behaviour of the flour 
just as does the maltose test but, in certain cases, such as with flours 
possessing high maltose figures but low dextrin figures, the results 
are liable to be misleading. It is suggested, therefore, that the method 
described in this paper in which the actual dextrin produced by the 
action of the alpha-amylase is determined is much sounder in prin- 
ciple and more informative and accurate. 


Summary 

A method of assessing the alpha-amylase activity of a flour by 
the determination of a ‘dextrin figure”’ is described which, it is sug- 
gested, furthers knowledge of the relationship of the enzymic activity 
of flour and wheat to practical baking problems and which should 
prove of practical value to the milling and baking industries. 

This dextrin figure reveals the extent to which a flour is likely to 
give rise in the baked goods to those defects normally associated with 
the use of appreciable proportions of sprouted wheat, namely damp- 
ness and stickiness in the crumb. 

The majority of flours milled from sound wheats give dextrin figures 
well below 10.0. 

Flour possessing dextrin figures in the region of 10 to 14 may be 
considered as suspect. They may or may not give trouble, depending 
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upon the baking conditions; prolonged baking in a slack oven will be 
likely to result in stickiness, while rapid baking in a hot oven will 
tend to produce satisfactory results. 

Flours possessing dextrin figures much over 14 are likely to give 
trouble commercially, whatever the baking conditions. 

The test has been used as a routine one by the authors for approach- 
ing a year and, from the hundreds of results now obtained, they are 
satisfied that it is of great value for determining the liability of a flour 
to give rise to that fault which is attributed to excessive alpha-amylase 
activity, namely sticky and damp crumbs. 
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FRESH, FROZEN AND DRIED EGGS AND EGG PRODUCTS 
(THEIR USES IN BAKING AND FOR OTHER PURPOSES)' 
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(Received for publication August 21, 1939) 


Hen eggs are available to manufacturers of food products in four 
forms, namely shell eggs, liquid eggs, frozen eggs, and dried eggs. The 
separated whites and yolks are also available for commercial uses in 
liquid form, or frozen, or dried. The baker, who, among food manu- 
facturers, is the largest consumer of fresh and frozen eggs, utilized in 
1932 over 11 million dollars worth of fresh shell eggs, nearly 21 million 
dollars worth of frozen egg whites, and 15 million dollars worth of 
frozen yolks (Bailey and LeClerc, 1935). In some of his products, e.g., 
sponge cake, the cost of eggs or egg products makes up fully 70% of 
the total cost of ingredients used. Eggs constitute the greater portion 
of the cost of ingredients in cake making, in general; it is estimated 
that approximately one-half the cost of all the ingredients used by the 
cake baker is that of eggs or egg products—a total of nearly $50,000,000 
being spent by the baker for these products. 





! Food Research Division Contribution No. 451. 
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The manufacturer of noodles, the value of whose product amounts 
to over $10,000,000, is also one of the large users of eggs, especially 
egg yolk (frozen or dried) and whole eggs (fresh, frozen or dried). 
About 53% of the weight of noodles must be made up of whole eggs 
and/or of yolk and the value of egg products used in making noodles is 
fully $1,500,000 a year. 

In recent years, the prepared-flour industry has been making not- 
able strides. Dried eggs are largely used as one of the essential ingre- 
dients of most prepared mixes. 

The quantity of yolk (largely frozen yolk) used by the mayonnaise ” 
and salad-dressing industries is quite considerable, approximating in 
1937 some 15,000,000 to 20,000,000 pounds (Radabaugh, 1938). 


Importance—Historical—Statistics 

In 1924, the first year for which reliable statistics regarding egg 
production in this country are available, over 1,900 million dozens were 
produced, valued at nearly $550,000,000. The hen population of the 
United States is now approximately 500 million; the average number of 
eggs laid per hen is five dozen per year. Eggs are produced by fully 
90% of our farmers and the income from this source alone is about 33% 
of the total cash receipts of the farmers. 

The chief egg-producing centers are situated within the so-called 
“North Central States,” which supply 85% of the eggs that are sub- 
sequently frozen and used chiefly by bakers. 


Uses for Eggs in the United States 


Estimates for 1935, based upon information furnished by the 
Poultry Section of the Agricultural Adjustment Administration, are 
shown in Tables I and II. (Total eggs used are estimated at 2,764 
million dozens.) 


Frozen Eggs 


About 30 years ago H. J. Keith began freezing eggs commercially in 
St. Paul, Minnesota, although the freezing of eggs is said to have been 
started in Kansas some time previously. China, however, was the 
first country not only to freeze eggs on a large scale but also to dry 
them. By 1921, China was exporting to the United States alone some 
18 million pounds of frozen eggs, produced chiefly in such centers as 
Shanghai, Nanking, Hankow, Tientsin, and Tsintao. The production 
of frozen eggs in the United States at that time was about 46 million 





2 ‘The semisolid emulsion of edible vegetable oil, egg yolk, or whole egg, a vinegar, and/or lemon 
juice, with one or more of the following: salt, other seasoning commonly used in its preparation, sugar 
and/or dextrose. The finished product contains not less than 50 percent of edible vegetable oil.”’ 
(U.S. Department of Agriculture Service and Regulatory Announcements, 1936.) 














May, 1940 J. A. LeCLERC AND L. H. BAILEY 281 

















TABLE I 
Uses FoR EGGs 
Million 
dozens Percent 

Egg Distribution 

Shell egg consumption (fresh and storage) 2,285 82.6 

Liquid or frozen egg 187 6.8 

Dried egg 42 1.5 

Used for hatching 113 4.1 

Loss as rots, broken, etc. 137 5.0 
Shell Egg Uses 

Table use 2,132 93.3 

Bakery products 20 0.9 

Hatching 113 4.9 

Other uses 20 0.9 
Liquid and Frozen Eggs 

Whole or mixed 93 49.7 

Whites 48 26.3 

Plain yolks 22 11.6 

Salt yolks 10 5.2 

Sugar yolks and/or glycerin yolks 14 7.2 
Whole or Mixed Eggs . 

Bakery products 86 92 

Salad dressing 3 3 

Noodles 2 2 

Ice cream, etc. 2 2 
Whites 

Bakery products 37 77 

Candies, etc. 10 21 

Ice cream 1 2 
Plain Yolks 

Table use 0.4 2 

Bakery products yo 32 

Mayonnaise 6.6 30 

Salad dressing 2.2 10 

Noodles 4.8 22 

Ice cream, etc. 0.7 3 

Other uses 0.2 1 
Salt Yolks 

Mayonnaise 12 75 

Salad dressing 2.5 25 
Sugar and Glycerin Yolks 

Table use 0.7 5 

Bakery products 10.0 71 

Mayonnaise 13 11 

Salad dressing 0.4 3 

Ice cream, etc. 1.4 10 
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TABLE I—Continued 








Thousand 
dozens Per cent 
Dried Eggs 
Dried whole egg 840 2 
Dried whites 2,100 5 
Dried yolks 39,060 93 
Dried Whole Egg 
Bakery products 630.0 75 
Mayonnaise 8.4 1 
Noodles 33.6 4 
Ice cream, etc. 8.4 1 
Food beverage powders 25.2 3 
Prepared puddings 16.8 2 
Prepared flours 84.0 10 
Dog food 12.6 1.5 
Bird food 12.6 1.5 
Fox food, egg shampoo, etc. 8.4 1 
Dried Whites 
Bakery products 325.5 15.5 
Candies, etc. 1,050.0 50.0 
Prepared meringues, etc. 346.5 16.5 
Prepared flours 42.0 2.0 
Leather and fur trade 42.0 2.0 
Lithographing ' 94.5 4.5 
Cementing cork to bottle caps 52.5 2.5 
Pharmaceuticals 21.0 1.0 
Textile printing 105.0 5.0 
Photography, ink, paints, etc. 21.0 1.0 
Dried Yolks 
Bakery products 18,358.2 47 
Mayonnaise 1,562.4 4 
Noodles 2,343.6 6 
Ice cream, etc. 11,718.0 30 
Food beverage powders 390.6 1 
Prepared puddings 390.6 1 
Prepared flours 3,906.0 10 
Other uses 390.6 1 
Eggs for Hatching 
Commercial hatching 62,489.0 55.3 
Farm hatching 50,511.0 44.7 
Loss—Broken, Rots, etc. 
Leather and fur trade 6,850.0 5 
Loss or waste 130,150.0 95 





pounds. The freezing of eggs on an industrial scale in this country 
was at first confined largely to such market centers as Chicago, New 
York, Philadelphia, and Boston. 

According to Heitz (1929), the first report on the quantity of frozen 
eggs produced in this country was in 1916, the quantity being 6} 
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million pounds. By 1921 the production of frozen eggs had expanded 
beyond the confines of the big market centers, and by 1926 fully three 
times as many eggs were frozen in the country at large as in the big 
market centers mentioned above. 

By 1926 over 50 million pounds were frozen and in 1927 81 million 
pounds, an amount equivalent in terms of fresh eggs to 2,500,000 cases 
or to approximately one-fourth the quantity of shell eggs stored. In 
1927 over half the frozen eggs were stored in the Middle Atlantic, 
Eastern, and Northern Central states. In 1930, 180 million dozen 
eggs were “broken”’ in the United States and either frozen or sold as 
“liquid eggs.”’ 

By 1928 the production of frozen eggs in this country had increased 
to 148 million pounds, whereas the imports from China had fallen to 
about 8 million pounds. In 1937 some 225,000,000 pounds of frozen 
eggs were produced in the United States, of which 80,100,000 pounds 
were whole eggs, 18,600,000 pounds mixed eggs, 66,100,000 pounds 
whites, 16,000,000 pounds plain yolks, 26,700,000 pounds sugar yolks, 
16,200,000 pounds salt yolks, and 336,000 pounds glycerin yolks. 
‘““Mixed”’ eggs are the liquid whole eggs which have been churned to 
break the vitellin membrane surrounding the yolks, run through sieves 
to incorporate intimately the yolks and whites, and then solidly frozen 
incans. They are essentially ‘whole”’ eggs. 

For many years no particular care was taken to select only the best 
eggs for freezing purpose, the chief object being to utilize the dirties, 
checks, cracks, leakers, etc., and thus to avoid monetary losses. 

The eggs used for freezing at present are the best found on the 
market, being carefully selected to include only absolutely fresh eggs 
and thoroughly tested by candling before being broken. Today about 
100 firms freeze eggs as their main, if not only, product (Anon., 1938), 
the eggs being for the most part (80% at least) from ‘‘current receipts”’ 
and laid during the spring months (middle of March to middle of June). 
Formerly about two-thirds of the breaking stock consisted of ungraded 
eggs purchased in local markets and one-third of ‘‘under-grades”’ 
purchased in central markets (U. S. Tariff Com., 1931). Frozen eggs 
are for most purposes as good as and often better than many of the 
so-called ‘‘fresh shell eggs.’’ Owing to the extreme precautions taken 
to utilize, for freezing purposes, only sound fresh eggs, the frozen 
product contains as a rule far fewer bacteria than are found in the 
average ‘‘fresh”’ shell eggs (Bordas, 1922). 

In general, frozen eggs do not compete with other frozen foods as 
they are a specialized type of product used chiefly by bakers and by 
mayonnaise, ice-cream, and noodle manufacurers. 
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Incidentally, it may be of interest to know that the annual per- 
capita consumpton of eggs in this country is about 200. On the other 
hand, our northern neighbor, Canada, is the world’s largest consumer 
with a per-capita consumption of over 330 (McMillen, 1930). 


TABLE III? 


STATISTICS ON Domestic EGGs PRopUCED AND BROKEN FOR FREEZING 
AND ImMpoRTs OF EGG PROpUCTS 








Imports—equivalent in shell eggs 











oo Domestic 
prod. eggs Dried 
of broken Frozen 
shell for Egg Yolks and and 
Year eggs freezing Frozen albumen whole eggs dried 
Million Million 1000 1000 1000 1000 
dozens dozens dozens dozens dozens dozens 
1921 — 39.4 15,684 16,538 18,196 50,418 
1922 — 42.2 14,586 20,580 18,659 53,825 
1923 — 60.9 5,736 17,057 7,835 30,628 
1924 1,913 49.2 9,966 18,440 12,528 40,934 
1925 2,003 67.4 19,224 19,710 18,380 57,314 
1926 2,120 78.9 15,872 21,637 15,244 52,753 
1927 2,162 110.7 6,150 21,074 8,819 36,043 
1928 2,171 126.9 6,998 17,220 10,954 35,172 
1929 2,145 133.0 13,310 21,866 14,962 53,138 
1930 2,163 158.6 6,836 21,467 15,792 44,095 
1931 2,870 130.0 672 18,272 20,342 39,286 
1932 2,692 118.0 362 9,313 1,699 11,374 
1933 2,652 147.0 354 6,381 3,681 10,416 
1934 2,584 170.0 390 2,938 5,178 8,506 
1935 2,618 177.0 1,026 13,698 11,011 25,735 
1936 2,650? 178.0 690 17,214 12,876 30,780 
1937 2,625? 246.0 1,293 20,762 14,293 36,348 





P : U.S. Tariff Com. Rep. No. 25, Dried Egg Products, Second Ser. (1931); and B. A. E. (unpublished 
ata). 
? Preliminary. 


Composition of Whole Eggs, Whites, and Yolks 


According to Langworthy (1901), the average shell eggs as pur- 
chased consist of 10.5% shell, 57.9% white, and 31.6% yolk. On the 
basis of the edible portion, eggs are composed of approximately 65% 
white and 35% yolk. These figures may vary considerably, for 
laboratory experiments with rather small, strictly fresh eggs show the 
following: 

6 yolks 103 cc. = 93 g. = 38.9% 
6 whites = 166 cc. = 146g. = 61.1% 


V.S. Asmundson (1931) of the Department of Genetics, University 
of Wisconsin, weighed 707 eggs from 67 hens, the results being as 
follows: 
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Average weight of egg 53.6 g. 
Average weight of yolk 16.1 g. 
Average weight of whites 32.1 g. 
Average weight of shell 5.4 g. 
Average percent of yolk 30.04 
Average percent of white yr 
10.16 


Average percent of shell 


The following data, selected chiefly from Asmundson’s article cited 
above, show how small eggs differ from large ones in the quantity and 
percentage of shell, yolk, and whites: 














TABLE IV 
VARIATION IN COMPOSITION OF LARGE AND SMALL EGcGs 
Average Average weight of Percentage of 

No. weight 

eggs per egg Shell Yolks Whites Shell Yolks Whites 
(Small) 

70 49.1 grams 5.0 15.2 28.9 10.3 30.9 58.8 
(Large) 

70 64.5 grams 6.4 18.0 40.1 10.0 27.9 62.1 





On the basis of the edible portion only, small eggs are composed of 
34.4% yolk and 65.6% whites; large eggs 31% yolk and 69% whites. 
The average of the 140 eggs (edible portion) is 32.7% yolk and 67.3% 
whites. The average percentage of yolk in the edible portion of 885 
eggs (large and small) was 334% and of whites 663%. 

Graham (1908) reports that shell eggs as purchased contain 55.4% 
white and 31.7% yolk with a white-to-yolk ratio of 1.78. 

K6nig (1904) gives the weight and composition of an egg as follows: 


TABLE V 








Weight in grams 
% of average 








Portion Min. Max. Av. weight 
Shell 3.0 7.0 6.0 11.5 
White 15.0 43.0 31.0 58.5 
Yolk 10.0 23.0 16.0 30.0 
Whole egg 32 72 53 100 





The edible portion of the average egg contains the following com- 
ponents, in grams: 


N-free 
Water Protein Fat extract Ash 
31 grams white (albumen) 26.54 3.96 0.07 0.22 0.21 
16 grams yolk 8.15 2.57 5.07 0.05 0.16 


The following is given as the composition of the ash of egg: 
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TABLE VI 
o- % Percent of the ash 
: of dry 
Portion pte 
stance | K,O |Na,0 CaO | Mg0 | Fe,0;| P:O; | SO; | SiO, | Cl 
White 4.61 31.41 | 31.57} 2.78] 2.79 | 0.57 | 4.41] 2.12 | 1.06 | 28.82 
Yolk 2.91 9.29| 5.87} 13.04| 2.13 | 1.65 | 65.46; — | 0.86] 1.95 
Wholeegg} 3.48 17.37 | 22.87 | 10.91} 1.14 | 0.39 | 37.02} 0.32 | 0.31 | 8.98 




















K6nig (1904) further states that the shell itself consists of about 
89-97% calcium carbonate, 0—-2.0% magnesium carbonate, 0.5-5.0% 
calcium and magnesium phosphates, and 2.0-5.0% moisture and 
organic matter. 

The proximate composition of shell eggs as purchased and on the 
basis of the edible portion averages approximately as follows (Lang- 
worthy, 1901): 

















TABLE VII 
Portion As purchased Edible portion 

% % 
Shell 112 ~- 
Water 65.5 73.7 
Protein 11.9 13.4 
Fat 9.3 10.5 
Ash 0.9 1.0 
Carbohydrates 0.4 0.4 
Calories per pound 635.0 720.0 





Langworthy also gives the composition of whole eggs (edible por- 
tion) and of the yolk and whites as follows: 


TABLE VIII 








Carbo- Calories 





Portion Water Proteins Fat Ash hydrates ___ per |b. 
70 % % % 
Whole egg 73.7 13.4 10.5 1.0 Trace 720 
Yolks 49.5 15.7 33.3 1.1 Trace 1,705 
Whites 86.2 12.8 0.2 0.6 Trace 250 





According to the same author, there is no appreciable difference in 
composition between brown eggs and white eggs, nor between eggs from 
different breeds of hens (provided the hens are fed alike), nor between 
boiled eggs and fresh eggs, and no great difference between hen’s eggs 
and eggs from other fowl. 
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Certain markets, e.g. New York, prefer white shell eggs; others, e.g. 
Boston, like a brown shell best, but so far as is known there is no appre- 
ciable difference in food value between the two kinds of eggs. 

Romanoff (1929) points out that fresh eggs have three different 
layers of albumen, namely (/) outer, (2) middle, and (3) inner, in the 
relative proportions of 39.8, 57.2, and 3.0, respectively. The percent- 
age of water in the three layers is 88.41, 87.55, 85.45, respectively. 

According to Nemetz (1929), the white of an egg is transparent, has 
a faintly yellow color, and is a ropy fluid with an alkaline reaction. 
The more jellylike it is, the better. It consists of two parts, a thin 
fluid and a framework of firm, fibrous material which forms a cellular 
membrane throughout the mass, thus enclosing the fluid. 

The addition of acetic acid or cream of tartar, while whipping, 
toughens the albumen, making it more elastic and capable of building 
up a stronger structure. 

The solid portion of the white of eggs is almost entirely of a protein 
nature. The composition of the white, as determined by different 
workers, shows it to contain from 80.0% to 86.7% water; 10.5% to 
12.3% protein; 0.10% to 0.50% glucose; 0.38% to 0.77% nitrogen-free 
extract; trace of fat; and 0.3% to 0.6% ash. The ash of egg white is 
composed of 27.7% to 28.5% potash; 32.6% to 32.9% soda; 1.7% to 
2.3% lime; 1.6% to 3.2% magnesia; 0.44% to 0.58% iron oxide; 3.2% 
to 4.8% phosphorus pentoxide; 1.3% to 2.6% sulfur trioxide; trace to 
0.10% fluorine; 23.4% to 28.6% chlorine; 9.7% to 11.6% carbon 
dioxide; and 0.28% to 0.49% silica. Egg white is relatively rich in 
sulfur. 

S¢érenson (1934) states that the egg white consists of at least five 
protein fractions, one of which is a globulin. Each fraction contains a 
carbohydrate molecule. The percentage of each protein fraction is as 
follows: 











TABLE IX 
Protein % of total 
fraction protein Carbohydrate 
Globulin 6.7 Contains 4.0% mannose 
Mucin 1.9 Contains 14.9% mixture of equal 
parts mannose and galactose 
Albumin 69.7 Contains 1.7% mannose 
Conalbumin 9.6 Contains 2.8% mixture of 3 parts 
mannose and 1 part galactose 
Mucoid 12.7 Contains 9.2% mixture of 3 parts 


mannose and 1 part galactose 





The yolk of egg is much more diverse in composition. The per- 
centages of constituents are as follows: moisture 47.2 to 51.8, ash 0.33 
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to 1.0, fat 20.3 to 22.8, lecithin 7.2 to 10.7, vitellin 15.6 to 15.8, nuclein 
1.5, cerebrin 0.3, glycerophosphoric acid 1.2, cholesterin 0.44 to 1.75, 
glucose 0.55, and coloring matter 0.5. The principal protein, vitellin, 
is insoluble in water but soluble in salt solution. It lacks the whipping 
quality characteristic of the albumen or egg-white. Nemetz (1929) 
found that it is impossible to whip the yolk to a stiff foam owing not 
only to the difference in the character of the protein but to the presence 
of fatty material and the absence of the fibrous structure around which 
cells can be formed. 

The ash of yolk differs quite materially from that of the white. 
The ash of the yolk is much richer in calcium, phosphorus, and iron 
and much poorer in potassium, sodium, chlorine, and sulphur. 

The following analyses, taken from reports of various workers, show 
the percentage composition of the ash of yolks: potash 8.1 to 8.9, 
soda 5.1 to 6.6, lime 12.2 to 12.3, magnesia 2.1, iron oxide 1.2 to 1.5, 
phosphorus pentoxide 63.8 to 66.7, fluorine trace to 0.8, chlorine trace 
to 1.9, and silica 0.55 to 1.40. 

K6nig (1904) reports that 100 g. egg yolk contains 1.279 g. phos- 
phoric acid, of which 0.478 g. is in the form of lecithin soluble in ether 
(58% of the total), 0.345 g. as lecithin insoluble in ether (42% of the 
total), 0.178 g. as nuclein, and 0.278 g. as glycero and inorganic 
phosphates. The phosphoric acid in the protein of the yolk, soluble in 
boiling alcohol, amounts to 0.823 g., equivalent to 9.35% of distearyl 
lecithin. 

The yolk contains practically all of the fat of the egg. This fat is 
present in a finely emulsified state, some of it being combined with 
lecithin, a phosphorus-containing fat-like substance present in egg yolk 
to the extent of 7% to 10%. Lecithin, besides containing compounds 
of phosphorus, is an important source of iron and a good source of 
calcium, sodium, potassium, and magnesium. It is relatively rich in 
vitamins A, B, and D, and contains some E. The yolk is an important 
source of growth-stimulating phosphorized fat, the latter being com- 
posed largely of palmitin, stearin, and olein. The iodine number of 
yolk fat is 68.5; that of the fatty acids is 72.6. The melting point of 
the fatty acids is 36°C. 

Freezing 

The process of freezing eggs without the use of preservatives is of 
American origin. In this country, before 1930, freezing was confined 
almost exclusively to whole eggs. In 1937, however, 29.5% of the 
frozen eggs produced in the United States was whites, 26.5% yolks, 
and 44% whole eggs or mixed whites and yolks. Since 1922, the 
quality of the eggs used for freezing has improved considerably and in 
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plants located in the surplus-egg-production regions eggs for freezing 
now consist largely of “current receipts”’ or ‘‘shippers’ firsts’’ (U. S. 
Tariff Com., 1929). According to this same authority, liquid or 
chilled eggs, including whole eggs, whites, and yolks (so-called ‘‘inter- 
mediate products’’), are made in large quantities in this country from 
“checks” or ‘‘cracked”’ eggs. These, however, are used chiefly for 
industrial purposes. 

Formerly, China produced large quantities of liquid yolks, pre- 
served with boric acid, and exported the product to the United States 
for use in the arts. The United States no longer imports such yolks in 
any appreciable quantitics. 

Frozen eggs are eggs which are broken, frozen, and kept frozen 
until used. In high-grade establishments no bad eggs are ever used. 
Every precaution is taken to prevent contamination. The utensils 
are sterilized and the cans of broken eggs are removed to the freezer 
immediately. 

A. K. Epstein (1931) is of the opinion that when eggs are preserved 
at 30° to 32°F., or at the usual freezing temperature, certain changes 
take place which affect the physical and colloidal properties of the 
eggs and their function in cake making, for the emulsifying, lubricating, 
and gas retention properties are in various degrees impaired. To 
overcome these defects egg yolks are processed with sugar before 
freezing (Keith did this in 1912). Glycerin is now used for the same 
purpose. Also a combination of carbohydrates, acids, and salts is 
added to the egg yolk to prevent deterioration. 

In commercial practice eggs are frozen at a temperature of from 
10°F. to —10°F. This procedure prevents the growth of bacteria, one 
of the main causes of spoilage. Eggs when frozen and maintained in 
that condition undergo no decomposition due to microorganisms and 
such eggs may be kept for years without loss of vitamin A. 

Certain complex physical changes do, however, take place in the 
egg colloids, even in eggs frozen in the manner described above, and 
especially while the egg-mass is in the process of freezing and during 
subsequent thawing. For example, when egg white is frozen and 
thawed it separates into fluid and viscous portions. If frozen gradu- 
ally, ice crystals will form and when thawed the melted ice crystals will 
not be reabsorbed by the coagulated portion of the egg white. If, 
however, the egg white is frozen very quickly the water will be reab- 
sorbed after thawing and the egg white will revert to its original physi- 
cal condition. The lower the temperature of freezing, the greater will 
be the quantity of the thin egg white. The thin portion of fresh egg 
white is 42% of the total; if the white is frozen to a temperature of 




















May, 1940 J. A. LeCLERC AND L. H. BAILEY 291 


3°F. this portion may become as high as 65% to 67%. If the frozen 
white is kept for four to five months, a coagulation of certain protein 
material of the albumen takes place and on thawing white fibers of 
mucin (not the chalaza) will be visible in the viscous portion of the 
egg whites. 

Again Epstein (1931) states that when the yolk is frozen, e.g. at 
23°F. (—5°C.), a solid mass will be produced and on thawing the 
product will revert to the original fluid and homogeneous state without 
change. If, however, the temperature of freezing is lowered, which 
must be done to prevent biochemical changes, the yolk undergoes a 
more radical change from a physical-chemical standpoint. In this 
case the yolk does not revert to the original fluid state but becomes a 
gummy, rubbery mass, depending upon the length of time in storage. 
The volume of the thawed product will be less than that of the original 
material and the lecithin will have become chemically altered, in that 
on long storage it decomposes with the splitting off of free phosphoric 
acid. As the freezing progresses, ice crystals separate, bringing about 
an appreciable concentration of the salt of the yolk, 7.e. from a normal 
1% to 10% of the non-frozen liquid. At 21°F. the lecithin is combined 
with or dissolved by the 10% salt solution and later precipitated and 
thrown out as flakes. 

Modern facilities for freezing include the following (taken largely 
from Ovson, 1938): . 


(1) A refrigerating room for the storage of shell eggs, where they 
are chilled for several days at 31°F. This makes the whites stiffer 
and more gelatinous and facilitates the separation of whites and yolks. 

(2) A candling room kept at 10° to 13°C. (50° to 55°F.). Here 
the eggs are selected according to size, quality, and shell texture, all 
inferior eggs being eliminated. 

(3) A breaking room whose temperature is maintained at 16° to 
18°C. (61° to 64°F.). The eggs, on an endless chain, are received from 
the candling room and broken by means of a sharp-edged copper, 
aluminum, or stainless steel blade; each egg is broken and tested and 
inspected for odor and appearance. Dirty eggs are broken separately; 
all eggs unfit for food are sold to tanners. When desired the whites 
and yolks are separated. 

(4) Churns, used to break the yolks and to mix them with the 
whites preparatory to freezing. The churns are used also to mix such 
ingredients as salt, sugar or glycerin with the egg yolks. The sugar 
and glycerin are added in order to prevent the formation of lumpy 
particles of yolk and to permit of smooth thawing. The churns are 
equipped with strainers for the removal of shell and other foreign 


matter. 
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(5) Egg white strainers, used in removing shell particles, chalaza 
and other interfering foreign materials, leaving the clear product 
capable of rendering the maximum beating volume. 

(6) Refractometer room, to determine solids from the refracto- 
metric index. 

(7) Sterilizing room, where all utensils and apparatus may be 
sterilized. 

(8) Sharp-freezing room where the eggs are kept at —10°F. to 
— 15°F. for 72 hours. 

(9) Storage freezer room, temperature 0°F. or lower. 

(10) Dry storage space for empty cans and cases. 


All rooms are, or should be, built with rounded angles and with walls 
of tile. To freeze eggs with such equipment requires about eight 
minutes from the time the egg is candled. 

Chinese factories for the freezing of eggs are, according to Bordas 
(1922), of English or American origin. 

There is practically no difference between the freezing methods 
used in China and in the United States. In both countries the eggs 
are chilled, candled, broken, and whites and yolks separated if desired; 
contents of broken eggs, in a cup, are tested by smelling (to eliminate 
any musty eggs, for one such egg will spoil the whole egg-mass to 
which it is added). Whole eggs and yolks (but not the whites) are 
churned before freezing in order to thoroughly break up the chalaza 
and the yolk membrane, which are more or less objectionable in baking, 
and the frozen eggs are kept at a low temperature until shipped (U. S. 
Tariff Com., 1929). 

In recent years important improvements have been made in egg 
freezing methods. The older method, freezing at 0°F. or below, re- 
quired 72 to 100 hours to freeze a can (30 pounds or more) of liquid eggs. 
During this slow freezing process some physical and bacteriological 
changes took place. Large ice crystals were formed, indicating that 
the protein (especially of the yolk) had been deprived of some of its 
water and had become partially coagulated, thus lowering the fluidity- 
and-solubility factors and, at the same time, lowering the whipping- 
and-baking properties of the egg. The addition of certain protective 
substances, e.g. gelatin, dextrin, glucose, lactose or glycerin, before 
freezing minimizes the formation of large ice crystals and to a certain 
extent reduces the dehydrating action of slow freezing. These ad- 
vantages are, however, claimed for the so-called ‘“‘quick freezing 
method’"’ now being used (Swift’s Frozen Eggs). 

The quick method of freezing eggs depends upon the preparation 
of a homogeneous emulsion of eggs by disintegrating the chalaza, the 
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germ, and the membranes and dispersing them into the egg liquid. 
This homogeneous emulsion is then fed in a thin film to a mechanically 
chilled refrigerated roll which brings the liquid egg into a frozen condi- 
tion in about seven seconds instead of ten times as many hours. The 
frozen mass is then packed into sterilized antirust cans which are im- 
mediately transferred to a sharp sub-zero freezing room. This short- 
time freezing prevents an increase in bacterial count and is claimed to 
yield a product with a smooth, uniform texture free from large ice 
crystals. Egg whites, whole eggs, and egg yolks may all be frozen by 
quick freezing processes. In 1937, out of 225 million pounds of frozen 
eggs or egg products, some 29% was frozen whites, about 36%. frozen 
whole eggs, nearly 27% frozen yolks, and 8% mixed eggs. The state- 
ment is made by Sharp (1937) that whites are not affected by freezing 
but that yolks are affected and hence the whole egg undergoes certain 
changes. 

There is little available information regarding the effect of freezing 
upon the bacterial or microbial flora of eggs. 

As the result of freezing, the eggs expand in volume; hence it is well 
not to fill the cans quite full before freezing. After freezing the con- 
tents, the cans are filled to the top and again frozen, after which the 
temperature of the eggs is maintained at 0° to —5°F. until they are 
sold. 

Eggs stored at a temperature of —0.5° to 0.5°C. keep perfectly well 
for months. This temperature (—0.5°C.) is very close to the congeal- 
ing point of liquid egg. Fresh whole eggs congeal at —0.44°C., the 
whites at —0.54°C. (Monvoisin, 1928). 

In frozen eggs six to seven months old, the yolk contains 5.3 to 11.4 
mg. of ammonia per 100 g. of yolk. In fresh egg yolk the quantity of 
ammonia is only 1.7 to 3.9mg. It has been found that clean eggs keep 
better than dirty eggs after freezing, the latter containing, after two 
months in the frozen state, 7.2 mg. of ammonia as compared to 3.9 for 
the former. 

C. Bidault (1928) noted that eggs kept in cold storage developed 
ammonia and that at the end of six months the quantity of ammonia 
nitrogen approached but did not exceed 5 mg. per 100 g. of yolk. 
Eggs that contain as much as 5 mg. of ammonia nitrogen per 100 g. 
are no longer fit for use as eggs boiled in the shell. 


Composition of Frozen Eggs 


Redfield (1920) shows that frozen eggs have the following com- 
position : 
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TABLE X 
COMPOSITION OF FROZEN EGcGs 
. Ammonia! Acidity | Reducing 
Solids Fat nitrogen of fat sugars 
% % % % % 
Frozen eggs 27.1-29.1 | 10.6-11.5| 1.9-2.4 | 1.84-1.92 | 0.27-0.31 
Eggs held in cold storage 
4 to 8 months 27.9-29.2 | 10.5-10.8 | 2.6-2.7 | 1.50-1.83 | 0.31-0.36 
Fresh eggs—19 samples 26.0-27.2| 9.3-11.0} 1.0-2.0 | 1.21-1.72 | 0.29-0.36 
Frozen yolk 43.2-43.4 | 23.0-23.3| 4.1-4.4 | 1.80-1.81 | 0.18-0.20 
Yolk held in cold storage 
4 to 8 months 39.4-43.1 | 19.2-22.1| 3.8-4.9 | 1.53-1.82 | 0.18-0.23 
Fresh yolk 46.9-50.9 | 24.5-28.8| 2.5-3.1 | 1.44~-1.96 | 0.08-0.20 
Frozen whites _ —- -- — _- 
Whites held in cold storage 
4 to 8 months 14.0-14.6 | 0.03-0.07 | 0.4-0.8 a 0.37-0.48 
Fresh whites 11.8-12.8 | 0.01-0.12 | 0.1-1.2 -- 0.31-0.46 




















Swift and Company report that frozen whole eggs, frozen whites, 
and frozen yolks have the following composition: 


TABLE XI 
COMPOSITION OF FROZEN WHITES AND YOLKS 











Protein 
Water (N X 6.25) Fat Ash 
% % % % 
Whole 73.7 13.3 12.3 0.7 
White 87.2 12.0 0.2 0.6 
Yolk 56.7 15.2 27.1 1.0 





When egg yolks are frozen at —6°F. or above they remain un- 
changed after thawing. If frozen at below —6°F. the yolk on thawing 
changes to a non-fluid condition. Quick-frozen eggs possess a uniform, 
homogeneous consistency at all times. 

When properly stored, frozen eggs undergo but little physical, 
chemical, or bacteriological changes. 


Methods of Thawing or Defrosting 


Defrosting should be done by placing the cans of frozen eggs in a 
vat of running water. In five to six hours the eggs will be defrosted 


and ready for use. Defrosting the eggs near the oven subjects that 
portion of the eggs near the outside of the can to a temperature of 55° 
to 60°F. for 15 or more hours as compared to a temperature of 33° to 
34°F. for 5 to 6 hours when defrosting is done in running cold water. 
In the former case the eggs may become curdled; in the latter, they 
remain relatively smooth in appearance, retain their fresh flavor, and 
produce cakes of superior quality. 
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Bakers should not have on hand more frozen eggs than they need 
for current use. Frozen eggs, once thawed or defrosted, are very 
perishable and should be stored, until ready for use, at that tempera- 
ture which causes no unfavorable change (Swift and Company). 

Great care should be exercised in thawing out the whites. These 
should be kept in an ice box until thoroughly thawed, after which 
they should be mixed. The surface of the can should never be exposed 
to high heat as this will coagulate the albumen. During the freezing 
of the whites the solids are concentrated in the center of the can; 
hence the entire can should be thawed and thoroughly mixed before 
use (Armour and Company, 1929). 

F. Bordas (1922) suggests that the baker should stipulate that all 
containers of frozen eggs, when received, should show evidence that 
they have not been previously opened and with no signs of leakage or 
sweating. A guarantee should also be required that the contents have 
not been thawed. 


Characteristics of Frozen Eggs 


Frozen eggs behave in baking very much like shell eggs, and can be 
used wherever shell eggs are used. Eggs exert a binding action when 
used in cake making; they are capable of leavening five to six times 
their weight of other ingredients, thus retaining the air which has been 
beaten into the mix; they have a considerable emulsifying power; due 
to their fat content (4 of the yolk is fat) they have a shortening action; 
they improve the flavor of the product (no substitute has been yet 
found that will give the flavor produced by eggs). Furthermore, eggs 
give the product a more pleasing color. They enhance the cell struc- 
ture of the product, maintaining it during the baking process, and 
restrict the vaporization of moisture from the baked product, thus 
keeping the product fresh for a longer period. All of this adds greatly 
to the appetite appeal. Eggs add appreciably to the food value of the 
product, as eggs are rich in protein, fat, lecithin, minerals and vitamins. 

Frozen eggs are more convenient to handle than are shell eggs. 
After thawing they can be easily ladled from the container. They are 
also more uniform in quality than shell eggs and in general better 
adapted to large-scale usage. Wholesale bakers and confectioners use 
mainly frozen eggs in manufacturing their products. With the use of 
frozen eggs there is no waste (some 3% to 4% of the whites may be 
lost in the breaking process), they require less space for storage, and 
there are no transportation charges for shell and for bad eggs. Frozen 
eggs are cheaper to use the year around than shell eggs. 

Frozen eggs retain their original quality almost indefinitely if kept 
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frozen. The yolks are firmer and the whites thicker than are the cor- 
responding portions of stored shell eggs. Frozen eggs should have an 
ammonia-nitrogen content not to exceed 0.002%, frozen yolks 0.003%, 
and frozen whites 0.0004%. 

Frozen whole eggs (sometimes mixed with frozen yolks) are used in 
doughnut mixes, cake mixes, sweet doughs, for most kinds of cakes, 
and also for jelly bases, cookies, and pastries. Bakers generally use 
more frozen whole egg than frozen yolks. Frozen whole eggs can be 
used even in making omelets of very good quality. 

Frozen eggs are gradually replacing the fresh shell eggs and storage 
eggs in the preparation of many important commercial food products. 

The principal uses for frozen eggs—whole, yolks, and whites—are 
in the baking of cake, in the manufacture of noodles and candies, and 
in the preparation of mayonnaise, salad dressings, icings, ice cream, 
food beverages, and certain medicinals. In 1935 over 24 million dol- 
lars worth of eggs (fresh, frozen, and dried) were used by the baking 
industry alone. Table XII shows at a glance where the various frozen 
egg products are used. This information is taken largely from a recent 
article by Leo D. Ovson (1938). 

Frozen eggs have almost entirely replaced dried eggs in those 
products in which either might be used. Frozen yolks are useful in 
sweet goods, for making doughnuts, and in the manufacture of noodles, 
mayonnaise, salad dressings, etc. Yolks have a high food value and 
greatly improve the color of the product manufactured. Yolks are 
half water, one-third fat, and one-sixth protein, and are a source of leci- 
thin and vitamins. While yolks cannot be whipped, as can the whites, 
they still can carry a certain amount of air and do leaven to a certain 
extent, especially when sugar has been mixed with them. The addition 
of sugar to the liquid eggs before freezing improves the consistency 
of the thawed eggs after freezing and makes them more nearly like 
fresh eggs. 

Egg yolks are used in gold cake or other cakes where a deep yellow 
color is desired (the color of the yolk is largely dependent upon the 
character of the food consumed by the hen). Yolks are also used in 
connection with whole eggs in doughnut mixes, cake mixes, or wherever 
a deeper color or greater emulsifying power is wanted. A sponge cake 
made with egg yolks will have finer cell walls and will hold its cell 
structure during baking better than an angel food made from egg 
whites. This is because of the greater emulsifying and stabilizing 
properties of the egg yolk. It is claimed that cakes baked with 
glycerin-yolk (yolks plus 5% pure glycerin) remain fresh longer than 
those made without the glycerin. 
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Frozen egg whites are (like fresh egg whites) about six-sevenths 
water and one-seventh protein (albumen). They lend very little 
flavor to the baked product, but give a mellowness to the finished cake. 
The peculiar structure of the egg white furnishes thin but strong walls 
for the tiny air cells formed when egg white is whipped. Even a small 
quantity of grease, fat, or of egg yolk injures the whipping quality of 
egg whites. Egg whites properly prepared have excellent solubility. 

Frozen whites are used in making angel food, white pound cake, 
certain kinds of layer cake, box cakes, fruit cake, loaf cake, cup cake, 
cheese cake, etc., cream icings, cooked marshmallows, meringues, 
macaroons, and confectionery; also for white sponge base, apple sauce 
cake, custard pie, white fruit pound cake, ice box cookies, etc. 

Based upon laboratory studies over 65% of the cost of ingredients 
used in making angel food is for egg white; for making gold cake and 
pound cake the cost of yolk and of whole egg is over 40% (in each case) 
of the total cost for ingredients. The monetary value of eggs used in 
cake making is over 2} times that of shortening. Of the total quantity 
of ingredients used in making angel food 40% is egg white; in the mak- 
ing of gold cake 20% of the weight of the ingredients is yolk; for pound 
cake 25% is whole egg. On the basis of the flour used in cake making, 
egg white in angel food is 225%, yolk in gold cake 83%, whole egg in 
pound cake 100%. The importance of eggs in cake making should 
not be belittled. 

For angel food cake, fresh or frozen egg whites are superior in 
foaming qualities to the average commercial dried egg white, when 
whipped with cream of tartar or calcium acid phosphate, or other acid 
ingredients. One very important point noted in the use of egg white, 
both from fresh eggs and from eggs that had been stored for nine 
months, was that the thin portion made a better cake than the more 
viscous albumen. The thin portion of egg white can be whipped more 
readily to the proper consistency. Apparently air is more easily 
incorporated into the thin or less viscous whites. It was further 
noted that when enough water to make the viscosity comparable to 
that of thin egg white was added to the thick or viscous portion of the 
whites an improved angel food cake was obtained. It is of the utmost 
importance, therefore, that in all investigations in which egg white is 
used, either a separation be made of the thin and thick whites and each 
used separately or that a uniform mixture of the two kinds of whites be 
made. These results confirm those obtained by Hunt and St. John 
(1931), who demonstrated that adding water to the thick portion of 
egg white improves its whipping qualities. 

Our experiments have shown that as much as a third of the egg 
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white in an angel food cake recipe can be replaced by water without 
affecting appreciably the quality of the cake. Increasing the egg white 
by one-third, however, did not result in a satisfactory cake from the 
standpoint of appearance. 

In making pound cake, increasing the amount of egg in the labora- 
tory formula by one-third to one-half somewhat improved the grain 
and texture, but not the size or general appearance. Decreasing the 
amount of egg by even one-third made the cake soggy or ‘‘sad,’’ with a 
smaller volume and poorer grain, texture, and general appearance. If 
the amount of egg is decreased, as it is in many commercial pound 
cakes, it is necessary to increase somewhat the amount of both fat 
and milk to make a satisfactory product (Bailey and LeClerc, 1935). 

Both fresh and frozen eggs make satisfactory cakes of all types. 
Occasionally frozen eggs produce cake of larger volume than do shell 
eggs, probably because of the greater uniformity of quality inherent in 
frozen eggs. , 

Cake volume is controlled largely by the use of eggs. Sponge cake 
and cream puffs made from eggs laid and broken in the spring will 
produce greater volume than if made from eggs laid and broken during 
the summer months. Experimental cakes were made with eggs pro- 
duced in April, July, and September. The grading of these cakes 
showed that those made with April eggs were 15% and those made with 
September eggs 10% larger than the cakes made with July eggs. 
Cream puffs made with April eggs were also larger and smoother than 
those made with July and September eggs (Nemetz, 1929). 


TABLE XII 
Tue Use or FrozEN EGG Propucts 











Whole or Plain Salt Sugar Glycerin 
Food product mixed Whites yolks yolks yolks yolks 

Biscuits and cookies xX X xX X xX 
Dark cake and doughnuts xX X xX X 
White cake, meringues, marsh- 

mallows, confections and 

candies xX 
Custards xX = 
Noodles xX xX 
Food beverages Xx xX xX 
Ice cream xX X xX XxX 
Mayonnaise xX X X xX 
Salad dressings xX xX xX x xX 
Medicines X x 
Pie and icings xX xX 





A small quantity of frozen whites is used commercially in the 
making of prepared puddings. No frozen egg products (at least no 
appreciable quantity) are used in the home or by restaurants. 














May, 1940 J. A. LeCLERC AND L. H. BAILEY 299 


Frozen yolks produced gold cake only slightly inferior in volume, 
grain, and appearance to that made with fresh yolks. The same was 
found true in the case of pound cake. Frozen whites made better cake 
than the dried whites which had been reconstituted 7:1. Likewise, 
the frozen whole egg produced better sponge cake than did the dry egg 
yolk and dry whites, both reconstituted. 


Mayonnaise 


Mayonnaise was first made commercially in the United States in 
1906. Its growth as a commercial product has been rapid. Statistics 
show that in 1937 more than 9 million gallons of mayonnaise were made 
by 71 companies, representing 80% of the industry. 

If we take 7? pounds as the average weight of a gallon of mayon- 
naise, the weight of these 9 million gallons would amount to 70 million 
pounds. Since mayonnaise contains approximately 10% of egg yolk, 
there would be required 7 million pounds of yolk to be obtained from 
197 million eggs or there would be required 548,000 cases of eggs to 
produce these 9 million gallons of mayonnaise. 

In addition to mayonnaise there are salad dressings and related 
products on the market that have egg yolk as one of their constituents. 
While the percentage of egg yolk in salad dressings is variable and 
always less than in mayonnaise, large quantities of yolk are used in this 
connection for there is twice as much salad dressing produced as there 
is mayonnaise. 

An analysis of ten brands of commercial mayonnaise (Epstein, 
Reynolds, and Harris, 1937) shows that they contain from 77% to 83% 
of oil, 10% to 15% of total moisture, from 0.3% to 0.5% of acid as 
acetic acid and from 7% to 11% of commercial egg yolk. 

Most manufacturers use egg yolks, but there are a few who use 
whole eggs. Frozen yolks are the type generally used in making the 
mayonnaise. Dried yolks, either spray-dried or flaked, are not used 
by the mayonnaise manufacturers, for the yolk-oil becomes rancid in 
the dried product and it will have a tendency not only to reduce the 
biologic value of the mayonnaise from the vitamin standpoint but to 
induce rancidity in the mayonnaise itself. 

Within recent years a number of special frozen egg products have 
been prepared to meet the requirements of the mayonnaise manufac- 
turer. Such preparations are made from selected fresh eggs, separated 
in sanitary plants under sanitary conditions and treated by special 
processes, so as to prevent the multiplication of microorganisms during 
the time the product is allowed to thaw out in the mayonnaise plant 
and also to enhance the emulsifying properties of the yolk. 
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Candy, Confections, Ice Cream, etc. 


While egg yolks are generally used by the mayonnaise manufac- 
turer, egg white or albumen is used mostly by the candy manufacturer 
and the confectioner. Many candy manufacturers prefer egg albumen 
to fresh egg whites. Egg albumen was formerly imported from China 
but now much of it is produced in the states of Oregon, New York, 
and California. 

One candy maker in Chicago uses in his plant 180,000 fresh eggs 
daily; this amounts to 500 cases of eggs for this one manufacturer and 
there are many manufacturers throughout the country. 


Dried Eggs 


Dried eggs are prepared in flake-powdered or granular forms, the 
quality of the products depending largely upon the manner of drying 
and the temperature at which the eggs are dried. Too high a tem- 
perature during drying will harden and coagulate the albumen, thus 
decreasing its solubility as well as its leavening power. 

The drying of eggs began in Europe in the sixth decade of the 
nineteenth century (Sudendorf and Penndorf, 1924). The first experi- 
ments were carried on near the Russian-Austrian border, the object 
being to lessen the losses due to spoilage of shell eggs. Factories for 
the drying of eggs were erected in that part of Europe toward the end 
of the same century. The eggs were dried over direct fire in tin or 
zinc plates, the resultant product when ground consisting of a horn-like 
powder. This product was used, not as a food, but almost exclusively 
by such industries as leather, dye, photographic, and paper. Drying 
of eggs in China was started in the early years of the twentieth century. 
At first and for some time, such preservatives as boric acid, benzoic acid, 
salicylic acid, fluorides, etc., were used by manufacturers of these 
products. The early processes for drying eggs were necessarily primi- 
tive, very slow and yielded a rather unsatisfactory product. The 
product decomposed during drying unless a preservative was used. 

In the early days of egg drying, good eggs were separated from the 
bad by candling or difference in specific gravity by the use of a 6% to 
8% salt solution. The bad eggs, being lighter, floated in the salt 
solution. 

Drying of eggs eliminates much of the weight as water and thus 
brings about a great saving in transportation cost, as well as in storage 
space. Fresh shell eggs contain about 80% water. In the process of 
drying, 90% of the water is driven off. Spray-dried whole eggs and 
egg yolk contain about 33% moisture; flake eggs contain from 7% to 
12% moisture. The liquid-egg equivalents necessary to make one 
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pound of the dried egg product are approximately 2.23 pounds of yolk, 
3.56 pounds of whole egg, and 7.30 pounds of liquid whites (U. S. 
Tariff Com., 1929). 

Since the advent of the frozen egg industry the output of dried eggs 
has been insignificant when compared to that of the frozen product. 
Commercial egg drying in the United States practically ceased in 1916 
except when the price of eggs was extremely low. From 1916 to 1931 
there was little domestic drying of eggs in spite of the high tariff of 1922 
(U. S. Tariff Com., 1931). Until 1927 eggs were dried in the United 
States only experimentally, but in that year some commercial drying 
of whole eggs and of egg yolks was undertaken, largely owing to the 
shortage of dried eggs in China. No eggs were dried in this country 
in 1928, and only small amounts in 1930 and 1931 because manufac- 
turing costs were prohibitive. Chinese egg-drying plants, located 
chiefly in the Yangtze Valley west of Shanghai and as far as Hankow, 
are owned generally by foreigners, mostly American and British, and 
most of the domestic consumption of dried eggs has been the imported 
products from China (U. S. Tariff Com., 1929). During 1928 to 1930 
the average imports of dried eggs (chiefly from China) were equivalent 
to 1.6% of the amount of shell eggs and half the quantity of frozen eggs 
produced in the United States (U. S. Tariff Com., 1931). 

Dried egg whites form the bulk of the imports of dried egg products; 
dried yolks are of secondary importance. Only a relatively small 
quantity of dried whole egg is obtained from overseas. The principal 
trading in dried eggs in this country is in New York City and they are 
distributed from that point. 

Until recently China was the only producer of dried eggs. Ac- 
cording to the U. S. Tariff Commission (1929), the exports of dried eggs 
from China during 1924-26 were as follows: 


TABLE XIII 











Product 1924 1925 1926 Destination 
1000 lbs. 1000 lbs. 1000 lbs. 
Dried albumen 8,796 8,694 7,800 (80% to Gt. B. and U. S.) 
Dried yolks 8,768 11,225 8,585 (75% to U. S. and Ger.) 
Dried whole eggs 3,068 11,293 2,912 (66% to Gt. B.) 





During 1928 to 1930 the imports of dried eggs, calculated to the 
equivalent of shell eggs, amounted to 35 million dozens or 1.5% of 
the combined domestic consumption of shell, frozen, and dried eggs. 
The imports of dried eggs into this country, a few years ago, were 
approximately as follows: 5% in the form of whole egg (entirely 
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sprayed), 20% albumen (practically all flaked), and 75% yolk (almost 
entirely sprayed). 

During 1930 to 1931 the cost in this country of spray-drying of 
whole eggs was 3.9 cents per pound; spray drying of yolks cost 3.3 
cents, and tray-drying of whites, 11.2 cents. In the United States, the 
cost of drying eggs is about one-tenth the cost of the shell eggs (U. S. 
Tariff Com., 1931). 

According to the same authority, the cost of domestic dried egg 
products delivered at New York City was as follows: 























TABLE XIV 
Cost prices—cents per Ib. 
Raw materials Wholeegg Yolks Whites 
(1) Cost, liquid whole egg at plant 22.7 — — 
(2) Ratio of value of yolk and whites to whole 
egg 100.0 146.1 56.5 
(3) Value at plant 22.7 33.2 12.8 
(4) Drying ratio, pounds of liquid material 
per pound of dry product 3.65 2.23 7.30 
(5) Cost of liquid raw material per pound of 
dried product, (3) « (4) 82.9 74.0 93.4 
(6) Drying costs 3.9 3.3 11.2 
(7) Containers and packing 1.1 1.1 1.1 
(8) Total cost at plant of dried egg product, 
(5) + (6) + (7) 87.9 78.4 105.7 
(9) Transportation to New York City 1.6 1.6 1.6 
(10) Cost delivered at New York City 89.5 80.0 107.3 





There are three grades of dried yolk, each having a different com- 
mercial value. The flake is the most expensive, the spray powder 
next, and the granular product the least per unit. The domestic 
spray-yolk commanded in 1936 a higher price (68 cents) per pound than 
did the imported flake yolk (57 cents) on the average for the year. At 
the same time the domestic albumen sold for $1.08 per pound as against 
80 cents for the imported flake albumen. In the case of whole egg 
there are only two grades; the flaked again is sold at a higher price 
than the sprayed product. In general, the flaked product is more 
soluble than the sprayed, easier to handle, and therefore commands a 
better price. There is no so-called “granular whole egg product.”’ 

Liquid yolks are valued at 146.1% of the value of liquid whole egg, 
and liquid whites at 56.5%. Hence when liquid whole eggs are at 
22.7 cents per pound (equivalent to about 27 cents per dozen for shell 
eggs) liquid yolk should be 33.2 cents and whites 12.8 cents per pound. 

Armour’s Research Bulletin (1929) states that on a day when eggs, 
by the case, were selling at 33 cents per dozen, frozen egg whites were 
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selling at wholesale for 17 cents per pound. On this basis a case of 
whole eggs would cost $9.90 and the same weight of frozen whites, 
$7.31. Hence egg whites are occasionally more economical than are 
whole eggs. 

Following the primitive system of drying in pans came the belt 
method (now practically discarded), the vacuum method, and later 
the spray drying method, the latter being used most extensively in the 
case of whole eggs and yolks, especially the latter. Only for the drying 
of egg whites is the pan method mostly used, since it has been imprac- 
tical up to the present to use the spray system for the whites. Accord- 
ing to Winckel (1925) vacuum-immersion, steam-heated rolls are 
largely used in Germany for drying whole eggs. By this method the 
eggs are dried in 8 to 10 seconds and at a sufficiently low temperature 
that coagulation of the whites does not take place. The absence of air 
in this method prevents bacterial contamination, oxidation, and 
rancidity; this method in this respect is superior to the spray process. 
Spray-dried eggs are, however, claimed to be superior in emulsifying 
power and in solubility (Sudendorf and Penndorf, 1924). 


Methods of Drying 


In this country, eggs are dried by any one of three general methods, 
spray, belt, and tray or pan. Up to and including the breaking stage, 
the preparation of eggs for drying is identical with that followed for 
freezing. 

Spray method (Swenson, 1938).—After breaking, the liquid whole 
eggs or yolks are pressure-sprayed into the upper part of a high- 
ceilinged chamber heated to 160°F. The product is collected from the 
lower part of the chamber as a fine powder containing 3% to 8% 
moisture. The dried powder then usually goes through a sieving 
process; it is finally collected in bins and packed in sealed tin-lined 
wooden cases of 200 pounds net weight or in paper-lined barrels. The 
machinery employed in this process has been adapted from that used in 
milk-drying plants. Many plants can shift from milk-drying to egg- 
drying on relatively short notice, but the low price of imported dried 
eggs makes it impracticable quite often to dry eggs in the United 
States. Egg yolks are dried chiefly by this process. The whites are 
generally dried in pans or trays. 

Belt method.—This method (now very little used) is, as the name 
implies, simply a process of allowing a thin film of liquid egg to flow 
onto an endless belt. Drums or discs can also be used as well as belts. 
The belt passes through heated chambers through which heated, filtered 
air circulates at about 135° to 140°F. The belt, which should be made 
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of non-corrosive metal, is of sufficient length and the temperature is so 
controlled that the egg film is dried in one revolution, after which the 
dried product is automatically scraped off by means of a metal scraper 
and allowed to fall into drawers or bins. The first drying requires 
from one and one-half to two hours. The product is next spread on 
wire screens and further dried by placing in a “‘finisher,”’ a large 
cabinet kept at 100° to 110°F., where it is held for two to three hours, 
after which it may be graded into flakes of different sizes or powdered. 
The finished product usually contains from 3% to 8% moisture. Some 
yolks are dried by this process, the product being somewhat more 
soluble than that produced by the spray method. In drying the whole 
egg every attempt should be made to keep the temperature no higher 
than 130°F. in order to avoid coagulation of the albumen. This 
method has fallen into disuse and is not a generally accepted method 
at the present time. 

Tray or pan method.—This method, which is in general commercial 
use, is carried out by spreading the liquid egg in suitable pans or trays 
made of aluminum or some of its alloys. Use of other metals is 
avoided because they react with the egg protein to discolor and 
partially denature it. The trays are placed on shelves in especially 
constructed cabinets through which a forced draft of hot air at 110° 
to 120°F. (albumen coagulates at 126°F.) is circulated, carrying the 
moisture out through appropriate ducts. Drying of egg white is 
usually completed in 18 to 24 hours. Egg albumen cannot be spray- 
dried economically, the temperature being too high for the delicate 
character of the albumen and the whipping quality of the product 
being thereby seriously impaired. 

Attention should be called to the two types of dried egg albumen 
now being manufactured. They are the unfermented and fermented 
products, which are characterized by the method employed for thinning 
the albumen prior to drying. 

Unfermented albumen.—Unfermented thin white may be obtained 
in several ways. The two most common methods are mechanical 
pumping through mixing pumps and acid hydrolysis. The latter, 
however, is controlled by patents. Still another method, developed 
by the U. S. Department of Agriculture, is the use of protein-splitting 
enzymes, such as trypsin. These methods all yield thin white within 
comparatively short periods of time and little or no foam is formed. 
The enzyme process requires about 36 hours and is the nearest ap- 
proach to a quick, natural change of any of the methods discussed. 

Fermented albumen.—This is egg white which has been allowed to 
stand in large open vats or tanks at room temperature for a sufficient 
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length of time to allow the naturally occurring enzymes, and also 
innumerable proteolytic microorganisms, to completely liquefy the 
albumen. This usually requires from 4 to 6 days. The white, at this 
point, has a heavy, odorous, spongy foam or scum over the surface. 
The liquid white, under the scum, has a watery consistency, an odor 
comparable to that of alfalfa hay, and a slightly salty taste. It is 
acid in reaction (pH 5.5) and is neutralized with ammonium hydroxide 
prior to drying. 

In China, egg whites are usually dried on belts or drums after fer- 
mentation has taken place and after the acidity has been neutralized 
with ammonia. 

Recovery of the foam.—Albuminous egg-foam, as it comes from the 
fermenting vats, has an acid reaction of approximately pH _ 5.0. 
Liquefaction of this material may be accomplished as follows: 

To 50 gallons of foam add about two quarts of 20% citric acid 
solution, stirring constantly and mixing thoroughly. Dissolve 5 g. of 
commercial dried pepsin in about one pint of citric acid solution and 
stir into the acidified foam. When liquefaction is complete neutralize 
with ammonium hydroxide and dry in the usual manner. 

Dried foam, when reconstituted, gives an excellent whip, yielding 
a firm-bodied meringue. When tested in icings and cakes it gave the 
same result as any fermented albumen (Swenson, 1938). 

A recent patent issued to Tranin (1938) describes a process which, 
it is claimed, will make an improved dry albumen. The egg white is 
mixed with glucose in sufficient quantity to act as a preservative during 
the dehydration and to prevent the whites from becoming sour when 
later 4% of tartaric or lactic acid has been added. The egg white- 
glucose mixture is heated to 75°F. to reduce the viscosity of the mix- 
ture, }% of the acid in solution is mixed in with the liquid egg white, 
and the mixture is allowed to stand for 4 to 30 hours. The reaction 
effects separation of the objectionable chalaza and stringy materials 
which rise to the top to form ascum. After this scum is removed the 
purified whites are then dehydrated in shallow pans, or spray-dried. 


Reconstitution 


Dried egg products are easily reconstituted by addition of water, 
as follows: 

Dried whole egg.—In practice use one part dried egg to three parts 
of water. Allow to stand four to five hours or until normal liquid egg 
consistency is obtained. 

Dried yolk.—Theoretically the ratio of one part of yolk and one 
part of water should be used, but practically two to three parts water 
are required for one part of yolk. Allow to stand one hour. 
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Unfermented albumen.—One part dried albumen to six or seven 
parts of water will produce a product very similar to fresh whites. 
Allow to stand three hours. 

Fermented albumen.—Use one part of dried albumen to 10 parts of 
water. Allow to stand three hours. 

All reconstituted egg products should be used as soon as possible 
since they are comparable to fresh eggs and are, therefore, very perish- 
able. One pound of dried egg product is produced from 3} pounds of 
whole egg, or 2} pounds of yolk, or 7} pounds of whites (Anon., 1932). 


TABLE XV 


THe ComposiITION OF DRIED EGGs AND OF FRESH EGGs 
(Average from Various Sources) 





Protein Carbo- Calories 
Water (NX6.25) Fat hydrate Ash _ per pound 








or or or or 
/ 











= 
/ o D 4/0 
Shell eggs as purchased 65.2 11.8 11.0 = 0.6 665 
Shell eggs—edible portion: ‘. 
Whole 73.2 13.2 12.0 —- 0.7 720 
Yolk 49.5 15.7 33.3 0.4 1.1 1,704 
Whites 86.2 12.3 0.2 0.7 0.6 250 
Dried whole egg 6.4 46.9 36.0 7.1 3.6 2,525 
Dried yolk 5.9 33.3 51.6 5.7 3.5 2,794 
Dried whites 11.7 73.2 3.3 5.6 6.2 1,501 
TABLE XVI 
Ecc ANALYsEs, Arr-Dry Basis! 
. Alcohol Lipoid- 
’ Protein Total ss : 
Water é ppt. : Lipoids |phosphoric 
(N X6.25) nitrogen nitrogen onid 





Whole egg 
(8 samples) 5.5- 9.3 | 43.8-46.3 | 2.8-3.3 7.0— 7.5 | 42.0-48.8| 1.2-1.4 
Yolk 
(5 samples) 2.9- 4.7 | 32.6-33.4| 0.5-0.8 5.1-— 5.4} 62.8-64.0| 1.6—1.7 
Whites 
(6 samples) 11.7-16.2 | 74.6-76.9| 8.7-9.5 | 11.9-12.3 _- -— 























1 Unpublished analyses of eggs made in the Bureau of Chemistry, U. S. Department of Agriculture. 


Dried yolk contains 1.65% lecithin-phosphoric acid, the dried whole 
egg 1.25%. 

According to Beach, Needs, and Russell (1921) dried eggs (3 
samples) contain 4.8% to 9.0% water, 3.17% to 3.71% ash, 39.1% 
to 50.6% fat, 43.5% to 46.5% protein, and 1.2% to 1.3% organic 
phosphoric acid compounds. 

The average composition of 40 samples of dry whole egg powder, 
as given by Sudendorf and Penndorf (1924), is as follows: 
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TABLE XVII 
Average on 
Minimum Maximum Average dry basis 

% % % % 
Water 4.54 8.63 6.32 — 
Ash 3.23 5.78 4.02 4.29 
Protein 29.30 45.10 40.90 43.66 
Fat 34.20 52.50 41.61 44.42 





Dried Eggs (Characteristics and Uses) 


Dried eggs are used very little if at all by the housewife or in 
restaurants; they are used to some extent by hospitals, eleemosynary 
institutions, hotels, and military establishments. Such products are 
peculiarly adapted to large-scale usage as, for example by manufac- 
turers of noodles and prepared flours. 

Dried eggs are a most convenient form of eggs, needing only to be 
measured or weighed; they are quite uniform in composition and char- 
acteristics and under proper conditions of storage keep perfectly with 
little change; they are more uniform in quality than are shell eggs. 
When mixed in water they are used just as are shell eggs. All three 
forms of dried eggs, the whole, yolks, and whites, are important articles 
of commerce. Most manufacturers prefer frozen eggs to the dried, but 
if the latter are cheaper they may, to a certain extent, replace the 
frozen product. For certain uses, dried, frozen, and shell egg products 
can be used interchangeably, but for the manufacture of many food 
products the frozen eggs are gradually displacing the dried. In certain 
industries, however, the dried egg is the most suitable form of egg to use. 
The U.S. Tariff Commission (1931) shows that about 80% of the dried 
eggs were being used in industries in which neither frozen nor shell eggs 
could be used, viz., for the preparation of pancake, cake, pastry and 
doughnut flours, and for prepared ice cream powders and ‘mixes.”’ 
Small bakers who cannot utilize a can of frozen eggs (22 to 44 pounds) 
in one day, and who lack refrigerating facilities, find it more con- 
venient and economical to use dried eggs than shell eggs. For the 
manufacture of mayonnaise, ice cream, and noodles, the dried egg 
product may be used satisfactorily. Dried and frozen eggs are com- 
petitive only to a limited extent, although (U. S. Tariff Com., 1929) 
competition is more or less keen between the dried and frozen product 
in such industries as noodle, ice cream, and mayonnaise. 

Dried eggs are mostly used in combination with other food mate- 
rials, and not as a food direct. Dried egg yolks and dried whole eggs 
can be, and are being, used economically in making pastry and dough- 
nuts, as well as noodles. 
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Experiments in making gold cake with dried yolk showed very 
clearly how ill-adapted this product is for cake making. The cake 
made with dried egg yolk was smaller, and had a less attractive ap- 
pearance and poorer texture and grain than that made from fresh yolk. 
The grain was very irregular, large holes predominating, owing to the 
difficulty of properly reconstituting the dried yolk into a smooth, uni- 
form mass free from lumps. 

Because of the difficulty of reconstituting the dried whole egg into 
a lump-free liquid it is likewise better to use fresh or frozen eggs for all 
kinds of cake (Bailey and LeClerc, 1935). 

Fairly good cakes (angel food) can be made with dried albumen, 
but angel food of better quality results from the use of frozen whites. 

Dried albumen finds use in prepared whipping powders and me- 
ringues, and by confectioners in making cream centers, nougatines, 
marshmallow whips, etc. A few baking powder manufacturers have for 
years been adding small quantities of dried egg white to their product. 

Dried egg whites are being largely displaced by the frozen whites in 
the manufacture of candies, especially packaged goods. Pie bakers 
who formerly used the dried whites for making meringues for soft pies 
are turning to the frozen product. For cake making, the dried whites 
have been almost entirely displaced by the frozen and fresh whites. 
There is very little competition between domestic frozen or shell eggs 
and the imported dried eggs (U. S. Tariff Com., 1931). 

To determine the practical value of dried white, a test of the whip- 
ping properties is generally used. One part of white is mixed with 
7 to 10 parts of water and, after standing for three hours, the mixture is 
beaten in a specified type of mixer. Judgment of the value of the dried 
white is based on the behavior of the beaten material or meringue 
(Swenson, 1938). Details of the tests follow: 


Unfermented albumen: 1 oz. dried albumen to 7 oz. water. Stand 
3 hours. 
Whip test: (Hobart mixer, 10-quart bowl). 
2 minutes, second speed 
4 minutes, high speed 
Fermented albumen: 14 ozs. dried albumen to 15 ozs. water. 
Stand 3 hours. 
Whip Test: (Hobart mixer, 10-quart bowl). 
1} minutes, medium speed 
13 minutes, high speed 


The meringue is judged as follows: 
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Level the beaten meringue. Measure depth with either gauge or 
rule. Ordinarily a whip of 6 to 9 inches is obtained. Six and one-half 
inches or above is considered ‘‘fancy”’; below six inches, a poorer grade. 

A handful of the meringue is broken and examined for texture. 
A good meringue gives a clean break and the structure is firm. Ifa 
crackle is heard the body will not hold up. 

A drip test may also be run as a measure of the strength of the 
meringue body. A weighed amount of foam is placed in a funnel and 
the time required for the first drop of liquid to come through is recorded. 
A high-grade product has little or no drip. 

The Federal standards for eggs and egg products are given in the 
U. S. Department of Agriculture Service and Regulatory Announce- 
ments (1936). 


1. Liquid Eggs, Mixed Eggs. The product obtained by separating 
the edible portion of eggs from the shells. It is an intimate mixture of 
the whites and yolks in their natural proportions. 

2. Frozen Eggs. The solidified product obtained by quickly and 
completely freezing liquid eggs. 

3. Dried Eggs. The product obtained by evaporating the water 
from liquid eggs. It contains not more than 7% of moisture. 

4. Egg Yolk. The product obtained by removing the whites from 
the yolks in the commercial process of egg-breaking. It contains not 
more than 12% by weight of adhering white. 

5. Frozen Egg Yolk. The solidified product obtained by quickly 
and completely freezing egg yolk. 

6. Dried Egg Yolk. The product obtained by evaporating the 
water from egg yolk. It contains not more than 5% of moisture. 


The definition for noodles is given on page 8 of the above-mentioned 
reference, as follows: 


2. Noodles, Egg Noodles. The shaped and dried doughs prepared 
from wheat flour and eggs, with or without water and with or without 
salt. The egg ingredient may be whole egg and/ or egg yolk. In the 
finished product the moisture content does not exceed 13% and the 
egg-solids content upon the moisture-free basis is not less than 5.5% 
Noodles are commonly ribbon-shaped. 


Based upon the assumption that the egg material is of normal com- 
position, noodles will generally contain the proper amount of egg 
solids, if the following amounts of eggs or yolk are used with every sack 
(98 pounds) of flour: Commercial liquid whole egg, 19 pounds 8.4 
ounces; commercial liquid yolk, 13 pounds 11.5 ounces; commercial 
dried whole egg, 5 pounds 7.4 ounces; commercial dried yolk, 5 pounds 
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5.5 ounces. With a sack of 140 pounds of flour the following amounts 
of eggs or egg products should be used: Commercial liquid whole egg, 
27 pounds 14.2 ounces; commercial liquid yolk, 17 pounds 9.6 ounces; 
commercial dried whole egg, 7 pounds 12.8 ounces; commercial dried 
egg yolk, 7 pounds 10.1 ounces. (LeClerc, 1933.) 

According to the Macaroni Journal (Anon., 1929) the manufacturer 
should use with each 95 pounds of flour either 5 pounds of dried egg 
yolk or 20 pounds of fresh whole egg, or 12} pounds of fresh yolk. 

The method for the detection of whole egg or of egg yolk, and for 
the estimation of the quantity of these egg products used in the 
manufacture of noodles, is described fully by Buchanan (1924), and 
in Cereal Laboratory Methods (Anon., 1935). 


Miscellaneous Information 


One hundred pounds of shell eggs yield 10 to 12 pounds of shell, 
58 to 60 pounds of albumen, and 30 to 32 pounds of yolk. 

As the weight of eggs varies, so does the percentage of the egg 
components. The following is representative of eggs of different size: 


TABLE XVIII 


EFFECT OF VARIATION IN SIZE ON COMPOSITION 














Eggs Av. wt. Approximate wt. of Percentage of 
per per 
lb. egg Yolk Whites Shell Yolk Whites Shell 
No. g. g. g- g % % % 
7 64.8 18.1 40.3 6.4 27.9 62.2 9.9 
8 56.7 16.6 34.4 5.7 29.3 60.7 10.0 
9 50.4 15.6 29.7 5.1 30.9 58.9 10.2 
10 45.4 14.9 25.8 4.7 32.8 56.8 10.4 
11 41.2 14.5 22.4 4.3 35.1 54.4 10.5 





Depending upon the weight per egg, 100 eggs will yield the following 
quantities of yolk, whites, liquid whole egg, and shell and of the dried 


products: 











TABLE XIX 
COMPOSITIONS OF EGGs PER 100 
Eggs Whole Dried Dried Dried 
per Ib. Yolk Whites egg Shell yolk white whole egg 

No. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. 
7 3.99 8.88 12.87 1.41 1.88 1.25 3.77 

8 3.66 7.58 11.24 1.25 1.72 1.07 3.29 

9 3.44 6.55 9.99 1.12 1.62 0.92 2.93 

10 3.28 5.69 8.97 1.04 1.55 0.80 2.63 
11 3.19 4.94 8.13 0.95 1.50 0.69 2.38 
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The data given above are calculated on the assumption that one pound 
of dried egg product is produced from 3.41 pounds of liquid whole egg, 
7.12 pounds liquid whites, or 2.12 pounds liquid yolk. To calculate 
the quantities of egg products—frozen or dried—per crate of 30 dozen, 
multiply the values given above by 3.6. 

A case of 30 dozen domestic eggs weighs about 42 to 43 pounds net 
and yields approximately 35 pounds of liquid whole eggs. One hun- 
dred pounds of shell eggs produce commercially approximately 84 
pounds of liquid whole eggs. In China 100 pounds of shell eggs pro- 
duce only 81 pounds of liquid whole eggs (U. S. Tariff Com., 1929). 

Twenty whole eggs, or 36 whites, or 48 yolks, make one quart. On 
the average, the liquid egg from 9 to 11 shell eggs weighs one pound; 
17 to 20 whites, or 19 to 22 yolks, weigh one pound. 

Thirty shell eggs produce one kilogram (2.2 pounds) of frozen eggs. 

One pound of dried eggs can be made from 39 eggs, one pound of 
dried yolk from 48 yolks, and one pound of dried albumen from 70 
whites. 

Approximately 34 pounds of whole liquid eggs yield 1 pound of dry 
whole egg; 7 pounds of whites yield 1 pound of dry albumen; and 2 
pounds of yolks yield 1 pound of dry yolk. 

One pint or one pound of liquid or frozen egg is obtained from 9 to 
11 eggs. 
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EXTENSOGRAMS AS A BASIS OF PREDICTING BAKING 
QUALITY AND REACTION TO OXIDIZING AGENTS 
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Institute of Flour Physics, Duisberg, Germany 


(Received for publication February 13, 1939) 


There are two schools of thought in accounting for the effects of 
oxidizing agents upon the physical properties of flour doughs, one of 
which maintains that such agents act indirectly by inhibiting or re- 
straining proteolysis, while the other contends that they function in 
terms of their direct effect upon colloidal properties of the dough. 
Farinograms have not proved to be singularly useful in elucidating the 
manner or degree of the changes effected by such reagents, either when 
the observations are made upon freshly mixed dough, or upon doughs 
previously fermented for varying periods of time. These limitations 
may be the consequence of the fact that the farinograph so operates as 
to disclose properties of a dough in a state of continuous agitation, 
rather than the properties of a resting dough. One can discern by the 
sense of touch that oxidizing agents alter certain properties of doughs, 
but when these doughs are placed in a mixing machine and subjected 
to continuous mixing, the differences are not evidenced by the resulting 
farinograms. With the extensograph opportunity is afforded to test 
doughs which have previously been in a state of rest for more or less 
extended periods, and accordingly this instrument was applied to a 
study of the effect of chemical treatments upon dough properties. 

In the first series of studies, doughs prepared from a blend of Euro- 
pean flours were subjected to three molding treatments: (1) imme- 
diately after mixing, (2) two hours, and (3) four hours after mixing. 
Portions of each dough were then tested at varying intervals of time 
after molding, the F/E ratio ' of the extensograms, and the area under 
the extensogram curves being measured with the results shown in 
Figure 1. A like series of doughs was prepared to which 0.003% 
KBrO; was added, and similar analyses of the extensograms are re- 
corded in Figure 2. No differences were registered immediately after 
mixing, but when the doughs were allowed to rest 4 hours before mold- 
ing and tested 30 minutes later, the F/E ratio was substantially in- 
creased by the presence of bromate. 

When potassium persulfate was used instead of bromate, a more 
immediate effect was registered in terms of the extensograms. Thus 
some effect of the persulfate is demonstrated shortly after mixing, as 
may be discerned by contrasting the extensograph tests of the doughs 





1 F = force applied in extending doughs; E = extension. 
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Fig. 1. Changes in F/E relationships of extensograms of doughs prepared from a blend of European 
flours plotted against the rest period after molding; area under the same extensograms plotted against 
rest period after molding. Three series of doughs which were (1) molded immediately after mixing, 
(2) molded after two hours, and (3) molded four hours after mixing. 
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Fig. 2. Data as in Figure 1, of doughs from the same flour blend plus 0.003% bromate. 












































prepared with persulfate and recorded in Figure 3 with the data of the 
controls in Figure 1. 

A scale for expressing the sensitivity of flours to oxidizing agents 
would be of great convenience and value in flour technology. In devis- 
ing such a scale, consideration must be given to the baking procedure, 
with particular reference to formula, mixing time, fermentation time, 
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Fig. 3. Data as in Figure 1 of doughs from same flour blend plus 0.006% persulfate. 


and whether sponge doughs or straight doughs are used. The sig- 
nificance of fermentation time in this connection is graphically demon- 
strated by the photographs of loaves illustrated in Figure 4. Thus a 





Fig. 4. Photographs of loaves baked from doughs previously fermented for 1}, 24, and 3} hours 
= and prepared with bromate (marked B in illustration) and without bromate (odd-numbered 
decided positive response, as registered in loaf volume, resulted from 
the inclusion of bromate when the doughs were fermented 1} hours, 
while after 2} hours of fermentation the response was negative. The 
scale to be employed for any particular bake-shop program may be 
evolved by identifying the flour type which gives no response to bro- 
mate and then rating other flours upward or downward, 1.e. “ posi- 
tively” or ‘‘negatively’’ to the extent that they deviate from the 
neutral type. 
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Extensograms have proved to be useful criteria of bromate reaction 
when subjected to a simple mathematical treatment. The ratio F/E 
alone is not sufficient. Thus the same ratio would result from calcula- 
tions based upon the two curves shown in Figure 5, whereas the flour 




























































































e 4 S74 


os ckpe OWS Soe 
4 is 


__ Fig. 5. Schematic extensograms showing tests of doughs giving about the same F/E ratios but 
with widely different curve areas. Flours represented by the type of curve at left react positively to 
bromate; those represented by curve at right react strongly negatively. 


represented by the larger curve at the left reacted positively to bromate, 
while the flour which gave the extensogram at the right reacted de- 
cidedly negatively. If the ratio F/E is multiplied by 10, and this 
divided into the curve area as in the formula 


Area 


Oxynumber = F/E x 10 


the values which result will range from approximately 0 upwards to 
70+. In general a value of 30—40 will result from testing a flour that 
gives a neutral response under the majority of shop conditions. Ac- 
cordingly, the range of such values can be classified in general terms 
as follows: 
0-20 very negative 
20-30 moderately negative 
30-40 neutral 
40-50 moderately positive 
>50 very positive 


Referring back to Figure 5, the curve at the left yields an oxynum- 
ber of 52, while that at the right yields an oxynumber of 17, which 
serves to classify them properly on the basis of their baking behavior. 














May, 1940 EMIL MUNZ AND C. W. BRABENDER 317 


These mathematical treatments of the extensograms may be am- 
plified by plotting the F/E ratios of a series of doughs which are allowed 
to rest for varying time intervals, and interpolating for the ratio at 2} 
hours. This value will be referred to as specific shape. Specific 
fermentation time is the computed interval in hours of fermentation at 
which the F/E ratio passes through 3. 

The deportment of various flours when subjected to bromate treat- 
ment is evident from the data recorded in Figures 6, 7, and 8. Two 
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Fig. 6. Changes in F/E relationships of extensograms, plotted against the logarithm of rest time, 
of doughs made from two spring wheat flours yielding “‘ pliable’ doughs and prepared with and without 
bromate; also areas under the extensograms of the same doughs. 
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Fig. 7. Changes in F/E relationships of extensograms, plotted against the logarithm of rest time 
of doughs made from a Manitoba flour with an oxynumber of 45, with mixing times of 34, 7, and 10 
minutes, and prepared with and without bromate; also the area under the same extensograms, and 
(lower right of figure) the loaf volumes of test loaves baked from doughs mixed 3} minutes and prepared 
with and without bromate. 
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Fig. 8. Changes in F/E relationships of extensograms, plotted against the logarithm of rest time, 
of doughs made from a Montana winter wheat flour with an oxynumber of 34, the doughs being made 
with 0%, 0.003%, 0.006%, and 0.009% of bromate respectively; also the area under the same extenso- 

rams, and (center of figure) the volume of test loaves baked from an equivalent series of doughs 
ermented for varying time intervals as shown. 


spring wheat flours yielding “‘ pliable’’ doughs are represented in Figure 
6. The high protein flour (7.G. 1) had an oxynumber of 66, which 
implies a very large bromate response, and the area of the extensogram 
was actually increased by 200 units (at two hours’ rest time) upon the 
addition of 0.003% of bromate, thus confirming the original estimate. 
Flour 4832 had an oxynumber of 54 and it likewise responded in terms 
of an increased extensogram area upon the addition of bromate. From 
these and other observations it appears safe to predict that a parallel 
increase in loaf volume would result when bromated doughs are baked 
into bread. 

In the instance of a Manitoba flour, the effect of bromate is shown 
in Figure 7. The oxynumber was 45, implying a moderate bromate 
response, which was confirmed by the extensograms. Baking tests 
supplied further confirmation, an increase of nearly 200 cc. resulting 
from the addition of bromate to doughs fermented for two hours. 
When the fermentation was extended to three hours the loaf volume 
decreased and was 70 cc. less than the non-bromated control. 

Not all pliable doughs respond to bromating, but when the effect 
is negative the flour is abnormal in some manner, and the large extensi- 
bility (£) cannot be attributed to an extensible gluten, but rather to 
the contribution made by other substances which facilitate the flow of 
gluten micelles or aggregates past each other without coalescing. Thus 
in the instance of a Montana winter wheat flour the extensogram con- 
stants recorded in Figure 8 afford such an example. Its oxynumber 
was 34, which commonly denotes a neutral bromate response, and the 
baking data recorded as loaf volumes in Figure 8 show such a reaction. 
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A very small positive response was registered upon the inclusion of 
bromate in dough fermented for a short time, and when the fermenta- 
tion was extended the response was negative. Area of the extenso- 
grams was affected very little by the inclusion of bromate, and any 
effect observed was negative. The F/E ratio was affected most 
definitely, the specific form (as defined above) being changed from 
2.4 to 4.0 by adding 0.009% of bromate. 

Flours having a very high water absorption may comport them- 
selves differently than would be anticipated from their oxynumbers 
alone, and these may be recognized from the sticky characteristics of 
the doughs. Such a flour was encountered in the instance of the 
sample which was converted into the test loaves shown in Figure 9. 





Fig. 9. Photographs of test loaves baked from doughs fermented 1} and 24 hours as indicated 
and with 73% or 66% of water added, as shown below the loaves. Loaves Nos. 2 and 5 marked B were 
made with added bromate. 


Using the farinograph to determine water absorption, 73% of water 
was required to produce a dough of standard consistency. The bro- 
mated loaf from the dough fermented for 2} hours had a much smaller 
loaf volume than the control. When the water used was reduced by 
7%, namely to 66%, a normal loaf resulted, as shown by the section of 
the loaf at the extreme right of the picture. It may be that the inclu- 
sion of less water resulted in a reduced hydration of those substances 
which effect abnormalities in the dough, and thus left the gluten free 
to register its normal response to the bromate that was added. 


Action of Nitrogen Trichloride and Chlorine 


Extensive data have not been accumulated as yet involving the 
action of nitrogen trichloride (‘‘Agene’’) upon dough properties, but 
the observations to date indicate that it effects changes similar to those 
produced by bromate. Chlorine treatments are applied most com- 
monly to cake flours, and occasionally to the more heavily buffered 
flour streams and to the clear grades. In treating cake flour it is 
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generally conceded that the major effect is induced by reducing the pH 
to about 5.4, and that further additions of Cl. produce much smaller 
effects. The farinograph has not proved singularly useful in recording 
such effects, however, and accordingly in the past it was necessary to 
resort to practical cake-baking tests. That the extensograph records 
progressive changes in dough properties effected by increments of Cle 
is shown by the data in Figure 10. In the instance of these tests three 
increments of Cl. were added which were sufficient to reduce the pH 
to 5.4, 5.2, and 4.9 respectively. At pH 5.4 to 4.9 the F/E ratio was 
increased substantially over that of the control. When that ratio was 
plotted against the logarithm of the time of rest of the dough as 
abscissas the resulting graph deviated from the horizontal by 22° in 
the instance of the treated flours, and only 9° in the untreated control 


Soft Wheat Patent with different amounts of chlorine bleach 
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Fig. 10. Changes in F/E relationships of extensograms, plotted against the logarithm of rest 
time, of doughs made from a soft wheat patent flour treated with varying amounts of Cl: to reduce the 
PH to the levels indicated; also the area under the same extensograms. 


doughs. Likewise the area under the extensograms was greater in the 
flour treated to pH 5.4, but the area decreased somewhat upon the 
addition of more chlorine to pH 4.9. 


Effect of Papain, Cysteine, and Bromate 


The effect of the addition of 0.005% papain upon a Canadian hard 
spring wheat flour is shown in the set of extensograms at the left in 
Figure 11. The specific form of the untreated or control dough (with- 
out papain) was 4.8, and this was changed to 3.0 by the inclusion of the 
papain, although the curve area was not substantially altered. This 
implies an increased extensibility in consequence of the effect of the 
papain. 

When 0.002% of potassium bromate was superimposed upon the 
papain, the resulting extensogram was essentially identical with that 
of the control or papain-free dough. This observation affords addi- 
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tional support from another, and physical approach, to the conclusion 
previously reached by J¢rgensen (1935) and others that bromates do 
restrain or control the action of papain and similar proteolytic enzymes, 
especially when the level of activity of the latter is not too high. 
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Fig. 11. Extensograms of a dough made with a Canadian hard spring wheat flour. At the left is 
the control or untreated flour (solid lines), the same plus 0.005% papain (broken line), and also (dotted 
line) a combination of papain plus 0.002% bromate. At the right is an equivalent series involving 
cysteine instead of papain. 


Likewise the addition of 0.005% of cysteine to a dough effected 
a modification of the extensogram analogous to that produced by 
papain, and its effect, in turn, was restrained by the superimposition 
of bromate. When the dough was allowed an extended rest period 
the action of the cysteine became more evident, however, as shown by 
the analysis of the extensograms recorded in Figure 12. In terms of 
both F/E ratio and area, the alteration in dough properties departs 
from the control with the lapse of time and when the latter is con- 


Effect of Cysteine on Canadian Hard No.1 
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Fig. 12. Changes in F/E relationships of extensograms, plotted against the logarithm of rest time, 
of doughs prepared from a Canadian hard spring wheat flour without treatment, with 0.005% cysteine, 
and with cysteine plus 0.002% bromate; also area under the same extensograms. 
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siderable there is evidence that the bromate did not restrain the effect 
of the cysteine. 


Heat Treatment of Flour 


With certain types of medium and low-strength bread flours a 
carefully adjusted heat conditioning treatment effects an improvement 
analogous to that which results from the use of bromate. Such a 
treatment was accorded a flour milled from a Hungarian wheat 
(‘‘Ungar”’), and the data from a series of extensograms involved in 
these comparisons are recorded in Figure 13. Both the area (right 
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Fig. 13. Changes in F/E relationship of extensograms, plotted against the logarithm of rest time, 
of doughs prepared from an Hungarian wheat flour and subjected to heat conditioning (solid dots), and 
bromate or persulfate treatments (half shaded dots), in comparison with an untreated control (open 
circles); also the area under the same extensograms. 


figure) and the F/E ratios (left figure) were increased by heat condi- 
tioning, as was true also of the bromate and persulfate treatments. 


Effect of Diastase on Dough Extensograms 


The inclusion of malted wheat flour in doughs in normal proportions 
did not substantially alter the extensograms, which suggests that the 
gluten properties were not affected greatly by the enzymes thus con- 
tributed to the dough. This adds support to the earlier conclusion of 
Munz and Bailey (1936) that the modifications in dough plasticity 
resulting from the addition of wheat malt flour might be traced to the 
changes in the starch properties effected by the amylases rather than 
to proteolysis. 


General Relations of Farinograms and Extensograms to Baking Quality 


During the period covered by the researches reported in this series 
of papers, a considerable number of flours of various types have been 
subjected to detailed study with the farinograph and the extensograph. 
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In many instances the baking behavior of these flours was known from 
practical tests made in this institute or elsewhere; in other cases the 
previous work done with like flours afforded a basis for relating our 
observations with the general deportment in the baking of the flour 
types represented. It appears desirable, therefore, to call attention to 
certain general relations which can now be deduced from a comparison 
of the observations based upon baking behavior with the results of these 
physical tests. In doing so, it is recognized that precise mathematical 
correlations cannot be provided from the data at hand, and these must 
appear as a greater volume of data is accumulated. The purpose of 
the present study is to indicate apparent trends, with the thought that 
the principles suggested may be subjected to further critical study here 
and in other laboratories provided with adequate equipment. 
Relations between farinograms, extensograms, and bread-baking 
qualities are indicated by the data recorded graphically in Figures 14 


ca 90 BE 
outrage 


at? j stent : fig t aed < 8s f 37 
mitt a ogi itti 
BAU BBREREK niedemall: s&s 





Fig. 14. Farinograms of the flours which (excluding the clear flour) are represented 
as their extensograms in Figure 15. 


and 15 (disregarding the ‘‘Spring Wheat Fancy Clear” farinogram in 
Figure 14). The baking trade may be expected to rate the other four 
flours in the following order of decreasing bread-baking quality or 
“strength,” viz., No. 3, No. 2, No. 1, and No. 5. This is also the order 
in which the area under the extensograms, recorded at the right in 
Figure 15, is arranged. It was reported that flour No. 2 gave best 
results only after treatment with such a reagent as Agene, and the 
characteristics of the extensogram with the computed oxynumber of 
53 would suggest this conclusion independently of the actual tests with 
this reagent. 

Flour No. 1 yields an extensogram area of 750 units at the optimum 
rest time, and its oxynumber of 32 indicates that it has already been 
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Fig. 15. Changes in F/E relationships of extensograms of four flours plotted against the logarithm of 
rest time; also areas under the same extensograms. 


given a normal chemical treatment. Flour No. 5 was reported to give 
only fair results in baking, which would be expected from its extenso- 
gram area. Likewise its response to oxidizing agents was poor, which 
would be deduced from its oxynumber of 12. 

The farinograms of another series of six flour samples are shown 
in Figure 16. Three of these were milled from northwestern (U. S.) 
spring wheats, and their protein contents ranged from 12.7% to 15.0%. 
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Fig. 16. Farinograms of the six flours which are represented as their extensograms in Figure 17. 
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The other three were milled from southwestern (U. S.) hard winter 
wheat, and their protein content ranged from 11.9% to 13.5%. These 
six flours all comported themselves in baking like flours of their respec- 
tive types or classes, and protein content. Data from extensograms of 
these six flours are recorded graphically in Figure 17. The areas under 
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Fig. 17. Changes in F/E relationships of the extensograms of three northwestern and three 
southwestern wheat flours plotted against the logarithm of rest time; also the area under the same 
extensograms. 


the extensograms tended to decrease regularly with protein content in 
each of the two groups as indicated in the following table. 


N.W. spring wheat flours Area under extensogram 
Crude protein, % at maximum 
15.0 1020 
13.1 960 
12.7 880 
S.W. winter wheat flour 
13.5 1070 
12.5 960 
11.9 840 


In these series it chanced that each unit of protein content was 
accompanied by a somewhat higher extensogram area in the winter 
wheats than in the spring wheats, which may be the consequence of an 
optimum Agene treatment of the former. While the extensograms 
alone would not serve to distinguish the Agene-treated winter wheat 
flours from the spring wheat flours, reference to the farinograms de- 
picted in Figure 16 discloses differences in the curves. 
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Farinograms of another collection of flours are shown in Figure 18, 
and their extensogram analyses are recorded in Figure 19. Baking 
behavior of such flours can be predicted fairly well from these physical 
tests. Flour H. G., containing 15.7% crude protein, gave an extenso- 








Fig. 18. Farinograms of the six flours which are represented as their extensograms in Figure 19. 
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Fig. 19. Changes in F/E otiattonshios of the extensograms of six flours plotted against the logarithm 
of rest time; also the area under the same extensograms. 


gram with a maximum area of 1230, and an oxynumber of 67. This 
indicates superior baking behavior and a decidedly positive response 
to bromate, which was confirmed by baking experience. Moreover, 
these properties also indicate the adaptability of this flour to the 
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extended fermentation that is accorded it in commercial bakery 
practice. 

Flours 4x and BB were reported to give good results in bread baking, 
and this would be predicted from the large maximum area, 1130, under 
their extensograms. While the flour 4x gave a low oxynumber, 21, 
this may be attributed to the fact that it had aged a long time before 
these tests were made. 

Flour P, milled from southwestern wheat, yielded an extensogram 
having a maximum area of the order that would be anticipated. 

The comparison afforded by the standard and the long-patent 
flours milled from northwestern wheat is significant, since long-patent 
exhibited the greater extensibility characteristic of such grades. 

Flour PB, containing 11.4% crude protein and described in the 
trade as a general-purpose family flour, yielded an extensogram of low 
area, which should characterize flours of its low baking strength. 

The first clear flour in this series marked K comported itself rather 
well as evident from the data of its extensogram. This might be 
attributed to its high gluten content combined with a strong but 
properly graduated Agene treatment. 

In general the farinograms of this series of flours (Fig. 18) are useful 
in their support of the extensograms and their normal relationship 
to baking properties of such flours of rather widely diverse types. 


Relation of Protein Content to Area of Extensogram 


Since protein content commonly determines the physical properties 
of dough which are reflected in the extensograms, it might be antici- 
pated that the area under the extensogram would be correlated with 
the percentage of crude protein in the flour used in preparing the 
dough. Exceptions to this general relationship would be encountered 
in the instances of (a) glutens of poor “quality,” i.e., of abnormal 
properties, and (5) flours previously subjected to improper treatment 
with oxidizing agents. Conversely, when a flour does yield the pre- 
dicted extensogram area for its level of protein content, it might be 
described as having optimal dough properties. 

A direct approach to the determination of the relation of gluten 
content to extensogram area is afforded by the addition of either starch 
or gluten toa flourdough. This was done in the instance of two flours, 
with the results shown in Figure 20. The broken lines toward the 
right represent the doughs to which washed wet crude gluten was 
added, the solid lines to the left are doughs to which wet starch washed 
from the same flours was added, and the point of junction of the solid 
and broken lines indicates the protein content of the original flour. 
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It must be admitted that neither the wet starch nor the wet gluten thus 
employed in altering the protein content of the mixture can be re- 
garded as having properties identical with the same substances in a 
natural flour. In other words, a dough thus brought to a certain level 
of gluten content might not be identical with a dough prepared from 
an unmanipulated flour of equivalent gluten content. The doughs 
involved in Figure 20 are significant, however, to the extent that they 
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Fig. 20. Relation of protein content, as effected by dilution with starch or by reinforcement with 
washed gluten, to area under extensograms, and as a function of fermentation time. 


doubtless represent trends. Moreover, the use of Northwestern flour 
in preparing a series of blends, as represented by the topmost curve 
at the lower left, yielded doughs possessed of properties very similar 
to those prepared by diluting with wet wheat starch. 

When the data recorded in Figure 20 were combined with other 
observations upon normal flours of varying protein, the following 





relationships emerge: 
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Area under ——— 


Crude protein, % [optimal value 
8 600 
10 800 
12 1040 
14 1270 
16 1500 


Relationship of Fermentation Time and Mixing Time 


The conclusion reached by Swanson and Working (1926) and others 
that an extension of the mixing operation beyond the optimum will 
tend to reduce the period of time in fermentation requisite to the 
production of bread of superior physical properties (disregarding 
flavor) finds support in these studies. Extensograms afford a con- 
venient and useful index of optimum fermentation time, but it must 
be recognized that this time cannot be stated definitely in terms of 
minutes, since other variables in baking techniques exercise some effect. 
Instead, the expression should be in relative terms, with the under- 
standing that the actual interval must be adapted to the formula, 
manipulation, type of bread desired, and other details of bake-shop 
practice. 


Fermentation Tolerance 


This dough characteristic has been described by a committee of the 
American Association of Cereal Chemists (Cereal Chem. 11: 441) as 
‘the range over which positive or neutral response is obtained.” 
Objections might be raised to this definition because it includes an 
interval through which a positive response is obtained, which might 
imply a progressively increasing response through the interval up to a 
maximum and thence to the actual registration of a negative response. 
In actual baking practices fermentation tolerance is thought of as an 
interval through which the optimum properties are reached and persist 
essentially unchanged. In other words, it would not include an earlier 
period during which a positive response was progressively increasing, 
nor a subsequent interval during which the response was diminishing 
and approaching the ‘“‘neutral”’ state. 

While extensive data are not yet available to establish statistically 
the relation between extensograms and bake-shop experience, it does 
appear that the extensogram area will constitute a useful criterion of 
fermentation tolerance as thus defined. 


Stickiness of Doughs 


It has been our experience that when flours require more than 68% 
of water (15% flour moisture basis) to yield doughs having a mobility 
equivalent to 500 farinograph units, the resulting doughs will tend to 
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be sticky or adhesive. Also the farinograph is useful in indicating the 
limits of mixing treatment before a dough becomes sticky. 


Tolerance to the Action of Dough Dividers and Molders 


Baking technologists and bakery engineers are cognizant of varia- 
tions in the tolerance of doughs to the vigorous action of dough dividers. 
In general, doughs which are short and ‘‘bucky”’ are most sensitive. 
Since these properties find expression in the oxynumber, calculated as 
indicated in the early part of this paper, it appears that flours with an 
oxynumber of 25 or less may be rated as sensitive to the action of 
dough dividers. 

In operating the dough molder, two extremes of conditions may be 
encountered in widely varying doughs: (/) those represented by doughs 
which tend to draw together or decrease in length immediately follow- 
ing their discharge from the molder, due to a high modulus of elasticity, 
and (2) those which become too thick at the ends, due to too low 
viscosity, or too great an extensibility. Direct measurements of the 
rolls of dough one minute after their discharge from the molder of the 
extensograph may serve to disclose a tendency toward either of these 
extremes, and, indeed, these characteristics may prove to be predictable 
from the data taken from the extensogram. 


Summary 

In the excited state, i.e., during continuous dough mixing, the effect 
of oxidizing reagents upon physical dough properties is not registered 
significantly by a farinogram. In resting doughs, prepared either with 
or without yeast, the action of such reagents becomes evident when 
tests are made with the extensograph. 

Properties of untreated doughs which can be determined from the 
extensogram appeared to be highly indicative of the direction and 
magnitude of the effect of such oxidizing reagents. Thus the “oxy- 
number” is computed from the formula: 


Area 
F/E X 10 


A low value approaching zero indicates a strongly negative reaction, 
a high value in excess of 50 means a strongly positive reaction, with 
gradations between passing through a neutral response between 30 and 
40. The exact position of the neutral response number will be con- 
tingent upon dough formula, shop practice, and equipment. 

The reciprocal of this oxynumber appears to be a linear function 
of the logarithm of the time of rest if tested in the prescribed manner, 
1.€., 1, 2, 3, and 4 hours after mixing; in fact, the oxynumber plotted 
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against log. rest time approaches a straight line, but not as closely as 
does the relation first mentioned. The angle of departure of such 
curves from the horizontal affords a useful basis of estimating the rate 
and magnitude of the relative alterations in physical structure of the 
dough which occur with the lapse of time. 

Treatment of flour with chlorine effected a substantial change in 
those physical properties which are registered in the F/E ratio of their 
doughs. The first increment of Cle, sufficient to reduce the pH of the 
dough to 5.4, effected the greatest change in this particular, and 
additional increments which increased the relative acidity of the dough 
progressively to pH 4.9 produced little additional change in F/E ratio. 
Area under the extensogram was greater in the flour treated to pH 5.4 
and increased somewhat upon the addition of more chlorine to pH 4.9. 

Papain substantially altered those dough properties which can be 
demonstrated by the extensograms, and when bromates were super- 
imposed upon such doughs the action of the papain was restrained or 
reduced. The same tendencies were observed with cysteine and 
cysteine-bromate combinations. 

Heat treatments of certain flour types appear to effect changes in 
dough properties analogous to those resulting from the use of bromates. 

Diastatic malt flour added to doughs in normal proportions did not 
appear to affect those physical properties which are controlled by the 
protein matrix of the dough. 

Area under the extensograms appears to afford a basis for prediction 
of bread-baking quality, values in excess of 1200 indicating large loaf 
volumes, areas below 400 very small loaf volumes, with gradations 
between these extremes. 

Area under the extensogram is also related to gluten content when 
the gluten is of normal quality and the flour has been accorded proper 
conditioning or treatment with oxidizing reagents. Tentative relations 
between these two variables are: area = 600+ for 8% crude protein; 
area = 1500 for 16% crude protein, with equivalent areas for inter- 
mediate protein levels. 

Fermentation tolerance can be estimated from the relative change 
in extensogram area with the lapse of time. It must be recognized 
that the actual time in minutes through which dough maintains a fairly 
uniform optimum quality will also be a function of mixing, dough 
formula, type of bread desired, and other variables. Accordingly, the 
tolerance must be expressed in relative rather than definite intervals of 
time. The same is true, in general, of the estimation of optimum 
fermentation time from the curve area when the latter is plotted as a 
function of time of rest. 
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Tolerance to the action of dough dividers and dough molders 
can be predicted from an appropriate analysis of farinograms and 
extensograms. 
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It was shown by Kent-Jones and Amos (1930) and confirmed by 
Barton-Wright (1938) that bacterial numbers in flour decrease with 
time. Bacterial troubles are rarely found in mills, and when they do 
occur are generally of a specialized nature. For example, the sulphur 
bacterium, Microspirum sp., was found to be causing considerable 
trouble in one mill. In the bakehouse too, there is only one serious 
bacterial disease, that due to various strains of B. mesentericus, the 
causative agent of so-called ‘“‘ropy’’ bread. On the other hand, 
moulds have long been known to cause spoilage in mill products, espe- 
cially flour, bran, and middlings, often rendering them unfit for human 
and animal consumption. 

The moisture content of a medium is one important factor influ- 
encing the growth of moulds and the present investigation is an analysis 
of this factor for the growth of moulds in flour, bran, and middlings. 

When flour is exposed to air maintained at a constant relative 
humidity it loses or gains water until equilibrium is reached when the 
vapour pressure of water in the flour is equal to that of the air (Bailey, 
1920, and Gane, 1938). If the air has a high relative humidity the 
flour not only takes up water but also becomes mouldy. Flour of high 
water content also becomes mouldy if stored in closed containers. 

The relation between water content, relative humidity, and mould 
growth can be studied in two ways: 
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(1) Small samples can be exposed to constant temperature and 
relative humidity and the times noted for the appearance of mould. 
The water content at equilibrium can also be measured. 

(2) The increase in mould content of large samples of flour of 
known water content stored at constant temperature in sealed con- 
tainers can be followed. 


The first method is probably more accurate for an investigation of 
this kind, because there is a marked tendency for flour of high moisture 
content to condition itself and increase its water content with pro- 
gressive increase in fungal numbers. This increase in water content is 
possibly due to the water of respiration of the increasing mould 
population. 


Mould Growth on Flour Exposed to Constant Temperatures and 
Relative Humidities 


Small samples (approximately 4 g.) of flour were spread on petri 
dishes 7 cm. in diameter which were supported on glass tripods above 
solutions of sodium chloride contained in museum jars with ground 
glass stoppers. The original water content of the flour was 14%. 
The jars were stored at 20°, 15°, 10°, and 5°C. Two samples were held 
at each of the relative humidities and temperatures. The flour was 
examined regularly and the time of appearance of moulds noted. The 
relation between the concentration of sodium chloride solution and the 
relative humidity maintained above it was as follows: 


NaCl per 100 cc. water, g. 0 4 8 12 16 20 24 28 32 
Relative humidity 100 97.55 95.1 92.6 90.2 87.7 85.1 82.5 79 


These values were interpolated from a curve obtained by plotting 
available data of the vapour pressure of solutions of varying concentra- 
tion. The relative humidity above solutions of sodium chloride is 
practically independent of temperature. 

Table I and Figure 1 give the times for the appearance of mould. 


TABLE I 


Time IN Days For Moutp To APPEAR ON FLOUR EXPOSED TO DIFFERENT 
RELATIVE HUMIDITIES AT CONSTANT TEMPERATURES 








Relative humidity (%) 








Temperature 
97.5 95.1 92.6 90.2 87.7 85.1 82.5 79.0 
20° C. 8 9 12 13 14 18 29 79 a 
15° 11 11.5 15 18 23 40 57 — 
10° 18 18.5 20 25 36 64 123 _— ol 


5” 20 25 27 43 53 123 — _ _ 








— 


Relative Humidity 
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Fig. 1. Time for the appearance of mould on flour exposed to different relative humidities and 
temperatures. 


The reciprocals of these times can be used to express the rate of onset 
of mouldiness (Table II and Figure 2). 


TABLE If 


RELATIVE RATES OF THE APPEARANCE OF MOULDS ON FLOUR EXPOSED TO 
DIFFERENT RELATIVE HuMIDITIES AT DIFFERENT 
CONSTANT TEMPERATURES 














Temperature Relative humidity (%) 

100 97.5 95.1 92.6 90.2 87.7 85.1 82.5 79 
20° C. 125 111 83 77 71 55.5 34.5 12.5 ~ 
15° 91 91 67 55.5 43 25 17.5 — _— 
10° 55.5 55.5 50 40 27.7 15.8 8.5 — — 

50 40 37 23.5 18.9 8 _ — — 





The effect of exposure of flour to air at high relative humidities is as 
follows: 


(1) At constant temperature the time of appearance of mould 
decreases as the relative humidity is increased. 

(2) At constant humidity the time for appearance of mould in- 
creases as temperature is decreased. 

(3) The relative humidity to which air must be lowered to ensure 
that mould does not appear is lower at high than at low temperature. 
In the example given (Fig. 1) mould growth was prevented when the 
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Relative Rates of Development of Moulds on Flour 











97.55 95.0 92.5 90.0 87.5 85.0 82.5 80.0 
Relative Humidity 





Fig. 2. Relative rate of development of moulds on flour exposed to different relative humidities and 
temperatures. 


flour was exposed to a relative humidity of 79% at 20°C. (32% sodium 
chloride solution), to a relative humidity of 82.5% at 15°C. and 10°C. 
(28% sodium chloride solution), and to a relative humidity of 85% 
at 5°C. (24% sodium chloride solution). 


These results with flour are similar to those applying to growth of 
moulds on thin films of nutrient agar (Tomkins, 1929). When samples 
of bran (original water content approximately 14%) were exposed 
above solutions of sodium chloride in the same way as flour, moulds 
made their appearance but at lower humidities. 

There appear to be two possible explanations for mould growth 
occurring at lower humidities on bran than on flour, namely: (1) Bran 
is a ‘better’? medium for growth. (2) The fungi generally associated 
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with bran are able to grow at lower humidities than those generally 
associated with flour. 

It is difficult to define ‘‘good”’ or ‘‘better’’ as applied to media, 
but it has been observed (Tomkins, 1929) that growth takes place at a 
lower relative humidity on a film of nutrient medium than on a film of 
plain agar or on a glass surface. Similarly the composition of the 
medium may affect to some extent the range of humidity within which 
growth is possible. 

TABLE III 


TIME IN Days FOR THE APPEARANCE OF MOULD ON SAMPLES OF BRAN EXPOSED 
TO DIFFERENT RELATIVE HumipiTIEs AT 20° C. 








Relative humidity (%) 
90.2 
English bran 12 
Mixed wheat bran 12 


English middlings 10 
Mixed middlings 9 





Sample of bran 








The organisms mainly responsible for mouldiness in flour have not 
been examined in a sufficient number of instances to allow any 
definite statement to be made about their identity or frequency of 
occurrence. Flour exposed to humidities between 90% and 80% is 
attacked principally by Penicillium spp., bran exposed to the same 
humidities by Penicillium spp., and Aspergillus spp. It is not impossi- 
ble that the latter forms are able to grow at a somewhat lower vapour 
pressure than the former. 

Mould growth has not been observed on whole meal exposed above 
sulphuric acid of specific gravity 1.219 which maintains a relative 
humidity of 75% at 20°C. Moulds have, however, been observed to 
appear on bran after it had been exposed for 3 to 6 months to a relative 
humidity of 75%. 


The Rapid Determination of the Water Content of Flour Necessary 
to Allow the Growth of Mould 


The experiments described above suggest that the point to which 
the water content of flour must be adjusted to prevent the growth of 
moulds can be obtained by exposing thin layers to a 32% solution of 
sodium chloride (relative humidity 80%) or in the case of bran to 
sulphuric acid of specific gravity 1.219 (relative humidity 75%) at 20°C. 
for three days to allow equilibrium to be established and then deter- 
mining their water content.! 





1A saturated solution of sodium chloride (relative humidity 76%) could be used instead, since 
a difference of 1% in relative humidity is within the experimental error of the method. 
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The water content of flour at which mould growth does and does 
not occur is given in Table IV. 

Duplicate samples of flour were exposed to 24%, 28%, and 32% 
solutions of sodium chloride at 20°C. (relative humidities 85, 82.5, and 
79%) and their water contents determined by exposing 2 g. on a 7-cm. 
petri dish to 120°C. for one hour. The water content is expressed in two 
ways, i.e. (a) as a percentage of original weight and (b) as g. water per 
100 g. dry flour. 

TABLE IV 


WATER CONTENT OF FLOUR IN EQUILIBRIUM WITH 85, 82.5, 79% RELATIVE 
Humipity at 20°C. 


(a) % water content 
(6) g. water per 100 g. dry flour 








Water content 





Over 24% Over 28% Over 32% 
salt; 85% salt; 82.5% salt; 79% 
relative relative relative 
Sample of flour humidity humidity humidity 


Mould Mould No mould 
after 40 after 50 after 3 
days days months 


(b) (a) (d) (a) (b) 


Patent : 20.2 16.8 20.1 16.3 19.4 
21.0 16.8 20.2 19.0 





Manitoba patent : 20.4 15.9 18.95 . 18.5 
20.1 16.3 19.5 é 17.5 


Patent : 20.3 16.1 19.2 
i 20.5 16.1 19.2 


Long patent ' 22.0 17.0 20.6 
21.7 16.9 20.4 


English straight-run : 21.8 16.6 19.8 
: 21.5 17.0 20.5 


Low grade , 21.1 16.5 19.5 
21.2 16.5 19.8 





Average 20.98 16.54 19.81 15.92 





The various samples differ slightly in their water contents in equi- 
librium with a constant relative humidity. It is therefore impossible 
to fix with precision for all flours the critical water content above which 
mould growth is possible and below which it is impossible. 

Broadly speaking it can be said that most samples containing more 
than 16% of water are just sufficiently moist to permit of mould growth, 
whereas samples containing less than 16% of water are sufficiently dry 
to prevent mould growth. 
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Samples of bran were exposed at 20°C. to a 32% solution of sodium 
chloride (relative humidity 79%), sulphuric acid of specific gravity 
1.191 (relative humidity 80%) and specific gravity 1.219 (relative 
humidity 75%). The water contents of these samples are given in 
Table V. 

TABLE V 


WaTER CONTENT OF SAMPLES OF BRAN Exposep ABOvE 32% SALT AND 
SuLpuHuric Acip SOLUTION 


(a) g. water per 100 g. of moist flour 
(6) g. water per 100 g. of dry flour 








Water content 


H,SO, specific H,SQ, specific 
32% salt gravity 1.191 gravity 1.219 
Sample of bran (79% R.H.) (80% R.H.) (75% R.H.) 


Mould Mould 
after after No mould 
40 days 
(a) (bd) 


Ground wheat meal . c 16.5 19.8 
16.15 19.2 








Mixed wheat meal " , 16.6 19.9 
16.8 20.2 


18.2 22.4 
18.0 21.3 


18.2 22.1 
17.4 21.5 


17.6 21.5 
17.1 20.7 


18.1 22.1 
16.8 20.2 


17.3 20.9 


Mixed wheat bran 


—,, 
— 


English wheat bran 


ed 
—_- 


Straight bran 


~~ 
—, 


Bran B 


_— 
on an awn awn um 


wl ac NR BR Oe 


— 
Al; Asn DH NN NN 





cCl| eS Bo alo SS 


a 
— 


Average 





Some variation is again noted in the percentage water content of 
the various samples in equilibrium with the same relative humidity. 

Whole meal of 17.0% water content was observed to become mouldy 
while whole meal of 15.3% water content remained free from mould. 
Bran of 17% water content became mouldy after 40 days and once 
bran of 15.3% water content became mouldy after 90 to 120 days. 


Growth of Mould on Flour of Different Water Contents Stored in 
Closed Containers 


Experiments were also set up with flour of different moisture con- 
tents stored in closed containers at 20°, 15°, and 10°C. The samples 
at each moisture content were in triplicate, and the number of fungal 
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spores per gram was estimated by the method described by Barton- 
Wright (1938). The water contents of the samples at the different 
temperatures are given in Table VI. 


TABLE VI 
WATER CONTENT OF SAMPLES 








Temperature Percentage water content of flour 


20° C. 19. 17.0 16.5 15.0 
15°C. ; 16.5 15.0 
10° C. F 16.5 15.0 








The average number of spores per gram of flour at the start of the 
experiment was 3,200 to 5,400. The most detailed work was carried 
out on the samples stored at 20°C., since these, as was to be expected, 
were the first to show increases in fungal numbers. Tables VII, VIII, 
and IX show the results for the three temperatures, whilst the loga- 
rithms of the fungal numbers for 20°C. are plotted in Figure 3. 


TABLE VII 


FUNGAL SPORES PER GRAM OF FLOUR AT DIFFERENT WATER CONTENTS, STORAGE 
AT 20°C. 1n CLOSED CONTAINERS 








Water content, % 











TABLE VIII 


FUNGAL SPORES PER GRAM OF FLOUR AT DIFFERENT WATER CONTENTS, STORAGE 
AT 15°C. 1n CLOSED CONTAINERS 








Water content, % 
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TABLE IX 


FUNGAL SPORES PER GRAM OF FLOUR AT DIFFERENT WATER CONTENTS, STORAGE 
AT 10°C. IN CLOsED CONTAINERS 








Water content, % 











Days 
19.6 16.5 15.0 
_ 3,200 3,600 5,200 
10 3,600 — — 
17 5,300 _ — 
24 10,400 _ _ 
31 63,000 — — 
40 6,150,000 3,600 5,400 
250 _ 3,200 — 








Log Number of Spores per g. Flour 
wn rn 











50 100 
Days in Storage 


Fig. 3. Spore content of flour of 19.6, 17.0, 16.5, and 15.0% water content stored at 20° C. 


On the whole these figures agree well with those obtained by the 
method of exposing flour to atmospheres of different relative humidities 
and support the conclusion that as far as flour is concerned the critical 
water content for fungal growth to take place is approximately 16%. 
In commercial practice, however, this figure would be near the danger 
point; for safety a water content of 15% or less and storage at relative 
humidities of not more than 80% R.H. are advisable to eliminate mould 
growth. 


Discussion 


The relations between incidence of mouldiness and the water con- 
tent of flour are similar to those found for the growth of fungi on thin 
films in equilibrium with known relative humidities. The growth of 
some fungi, e.g., Trichoderma and Botrytis, is not possible on films 
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exposed to humidities below 90% relative humidity; the growth of 
others, e.g. Rhizopus, is checked on films exposed to a relative humidity 
of 86% whilst others again, e.g. Aspergillus niger, have been observed 
to show growth at a relative humidity of 80%, but not below this value 
(Tomkins, 1929, and unpublished results). Groom and Panisset (1933) 
found that the germination of spores of Penicillium chrysogenum was 
checked below a relative humidity of 81% but report the mildewing 
of book materials at 72.6% relative humidity. Galloway (1934) 
observed that some mould fungi which attack textiles ceased to grow if 
the relative humidity were reduced to 85% to 90% but that certain 
species of Aspergillus grew at relative humidities of 75% to 80%. 
Thom and Le Fevre (1921) investigated the flora of corn meal. No 
bacterial activity was noted in meals of commerce. Aspergillus repens 
only was found to grow in meal of water content of 13% to 15% while 
several species grew if the water were 16% or more. 

Koehler (1938) studied fungus growth on shelled corn as affected 
by moisture. He obtained constant humidities by passing a current 
of air through saturated solutions of different salts or by exposing his 
samples above the solutions in closed containers. He found that cer- 
tain fungi grew only when the water content was equivalent to 90% 
relative humidity and that Penicillia did not cease to grow until the 
water content was reduced to 15.5% and Aspergillus glaucus until the 
water content was reduced to 14.5%. Above this figure growth took 
place, but ceased below it. 

The nature of the chemical changes brought about in flour by 
growth of moulds is being investigated. 


Summary 


The growth of moulds in flour has been investigated from the view- 
point of temperature, relative humidity of the air, and water content 
of the flour. 

The critical water content for flour at which mould growth ceases 
at all temperatures of storage can be determined by exposing a thin 
layer of flour to constant weight over a 32% solution of sodium chloride 
(32 g. salt per 100 cc. of water) at 20°C. For bran the corresponding 
solution is a saturated solution of the salt. 
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Iwanoff, Kurgatnikov, and Kirsanova (1937) reported that they 
have established fine differences between individual starches by appli- 
cation of diastatic methods. It was previously noted by Stone (1896), 
O'Sullivan (1904), Nagao (1911), Sherman, Walker, and Caldwell 
(1919), Amberger (1921), Hermano and Rask (1926), Kashiwaya 
(1930), and others that differences occur in the digestibility of starches 
from different sources. The mechanical or chemical treatment which 
a starch receives also affects the susceptibility of the starch to amylo- 
lytic digestion. Malloch (1929) and Karacsonyi and Bailey (1930) 
showed that overgrinding of flours results in increased diastatic ac- 
tivity. Blish (1937) reported that grinding wheat starch in a ball mill 
increased the amount of susceptible starch. Raw wheat starches finely 
pulverized in a rod mill were easily hydrolyzed by both alpha- and 
beta-amylase according to Stamberg and Bailey (1939). Wiegel’s 
(1933) discussion of C. F. Lintner’s work emphasizes the effect of pre- 
treatment temperature of the starch paste on the viscosity and on the 
extent of digestion by diastase. The efforts of Mangels (1926), 
Andrews and Bailey (1934), Snider and Coleman (1937), Sallans and 
Anderson (1937), Redfern and Johnston (1938), and others were also 
directed toward determining the effect of substrate on amylolytic 


digestion. 
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Martin and Newton (1938), using the beta-amylase from soybeans, 
have shown that the temperature at which the starch substrate is pre- 
pared affects the rate as well as the degree of digestibility. The diges- 
tion curves showed characteristic differences which were striking 
enough to suggest the application of the method to industrial modifica- 
tions of starches. 

In its essentials the method consists in heating each of a series of 
starch suspensions at a different temperature for 30 minutes, then 
digesting the resulting paste for three hours at 40°C. with the soybean 
enzyme. A determination of the reducing value at the end of this time 
allows plotting the yield of maltose in percent against the temperature 
of pretreatment of the starch. The characteristic curves thus obtained 
differ in their extrapolated intercept on the temperature axis, in their 
slope, and in their value for maximum digestion. The effects of heat, 
mechanical modification, oxidation, acid-hydrolysis, and of some dry- 
milling processes on corn starch are reported in order to demonstrate 
the application of the method to measuring changes in the suscepti- 
bility of the starch granules to digestion by soybean beta-amylase. It 
seems probable that soybean powder could be used in place of the 
soybean amylase concentrate. 


Experimental 

Preparation of enzyme suspension.—A soybean amylase concentrate 
was prepared and its activity determined according to the method of 
Newton and Naylor (1939). The concentrate was stored at 5°C. and 
the activity checked at regular intervals. The concentrate used was 
capable of producing 875 mg. of maltose per mg. of concentrate at 
40°C. in 30 minutes, using a soluble potato starch as substrate and 
buffered at pH 4.7 with phosphate buffers. This concentrate had zero 
dextrinogenic activity (Ohlsson and Edfeldt, 1933). Forty mg. of 
the concentrate was suspended in 50 ml. of ice-cold distilled water and 
kept in an ice bath at all times. Exactly 5 ml. of the suspension was 
used for each digestion. Fresh enzyme suspensions were prepared 
daily. 

Preparation of substrate.—Two grams of the dry starch were weighed 
into a 100-ml. volumetric flask, 0.2 ml. of 0.2M NasHPO, and 9.8 ml. 
of 0.2M NaH2PQO, added to buffer the solution at pH 4.7, the mixture 
diluted to about 90 ml., thoroughly shaken to disintegrate any lumps, 
and placed in a constant temperature water bath (at the desired tem- 
perature) for exactly 30 minutes. The suspension was then rapidly 
cooled to approximately 40°C., diluted to a volume of 100 ml. at this 
temperature, and allowed to reach the exact temperature of the diges- 
tion bath (40°C.). After thorough mixing, two 5-ml. samples were 
withdrawn for the blank reducing sugar determination. 
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Digestion.—Exactly 5 ml. of the enzyme suspension was then 
added to the starch suspension in the digestion bath, mixed, and the 
digestion allowed to proceed for three hours. The flask was shaken 
at half-hour intervals during the digestion. At the end of three hours 
the contents of the flask were thoroughly mixed and two 5-ml. samples 
withdrawn for the sugar determination. The reducing equivalent of 
the blank and of the digestion mixture was determined by the potentio- 
metric method of Martin and Newton (1938). The potentiometer 
can be dispensed with in routine work because of the color change of the 
solution which occurs 0.05 ml. before the potentiometric end-point. 


Discussion of Digestion Curves 


Unmodified starches.—The digestion curves of the starches of rice, 
tapioca, wheat, potato, and corn have been published by Martin and 
Newton (1938). Additional supplementary determinations have been 
made to determine the extrapolated intercepts on the temperature 
axis. It is understood that the beginning of digestion for many of the 
starches was not as sudden as the graphs show but was more gradual 
and often took place over a range of several degrees. In determining 
the intercepts these rounded portions at the beginning of the curves 
were not considered. The intercepts were evaluated by extrapolation 
of the straight-line portions of the digestion curves. The slopes were 
also determined from these straight-line portions. Table I shows the 


TABLE |! 


DIFFERENT PLANT STARCHES 











Optimum Extrapolated 
temperature intercept on 
for preparing temperature 

Kind of starch substrate (°C.) Slope axis 
Rice 80 or above 5.3 64 
Tapioca 80 4.0 58 
Wheat 90 2.3 54 
Potato 70 9.1 56 
Corn 90 3.5 59 
Sweet potato 80 2.5 54 
Waxy sorghum 100 5.0 67 
Waxy maize 80 6.2 63 





optimum temperature for the preparation of the starch substrate, the 
extrapolated intercept on the temperature axis, and the slope. Sweet- 
potato starch and waxy sorghum starch have been added to the list. 
Notable differences appear in the slopes and intercepts. 

In Figures 1 and 2 are presented the digestion curves of seven 
unmodified corn starches and the curve for waxy sorghum starch. 
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This allows a comparison of the two waxy starches as well as of the 
corn starches. At pretreatment temperatures below 65°C. the small- 
granule starch is the most susceptible one to digestion by soybean 
beta-amylase, but above 65°C. is replaced by waxy maize starch. 
The digestion of the small-granule starch below 65°C. is abnormal for 
unmodified corn starches. The small-granule starch again gives ab- 
normal results between 75° and 90°C., at this stage being less digestible 
than the other unmodified corn starches. This is probably due to the 
higher gelatinization temperature of the small granules. Sample No. 1 
of commercial ‘‘pearl’’ starch was more susceptible to digestion than 
sample No. 2 of commercial ‘‘pearl”’ starch at pretreatment tempera- 
tures up to 90°C. When gelatinized at 90° to 100°C. all of the unmodi- 
fied corn starches except the small granule starch were digested to 
about the same extent. 

Correlation of amylolytic digestion with loss of birefringence.—An 
investigation to determine the meaning of the intercept of the enzyme 
digestion curve disclosed no correlation between the temperature of 
maximum gelatinization and the intercept on the digestion curve. 
The available data did show some correlation of the temperature of 
maximum gelatinization with the temperature at the mid-point of the 
steep portion of the digestion curve. 

Huss (1923) reported that Congo Red stained swollen and ruptured 
granules of starch but not the intact granules. He correlated the 
percentage of stained granules with the gelatinization temperature in 
an approximate way. Experiments in this laboratory showed that the 
staining began to take place at approximately the same temperature at 
which the polarization cross began to disappear and that both effects 
corresponded closely to the beginning of digestion by the beta-amylase 
of soybeans, i.e., to the intercept of the digestion curve. 

The following method was devised for obtaining curves which 
would show the loss of birefringence (disappearance of the polarization 
cross) as the temperature was raised: 

One tenth of a gram of starch was weighed into a test tube containing 5 ml. of 
distilled water. The tube and contents were heated with occasional stirring for thirty 
minutes in a constant-temperature bath at the desired temperature. The sample was 
allowed to cool to room temperature and was then shaken to give a uniform suspension. 
A small drop of the suspension was placed on a microscope slide, diluted with a drop 
of water, and mixed well. A cover slip was placed over the drop and, when the 
counting required much time, sealed with vaseline. The total number of granules in 
ten or twelve fields and also the number showing a polarization cross were counted, 
using the most convenient power of the microscope. The percentage of granules 


showing no birefringence was calculated and plotted against the pretreatment 
temperature of the starch. 


In Figure 3 a few curves showing loss of birefringence are compared 
with the digestion curves of the same starches. In each case thus far 
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examined the birefringence curve was very similar to the enzyme diges- 
tion curve. Different methods of counting the birefringent granules 
gave different results. When using nicol prisms a certain value was 
obtained by counting all granules showing any birefringence whatever. 
When polaroid lenses were used it was expedient to eliminate those 
granules which were only partially gelatinized and consequently only 
partially birefringent and to count only those granules possessing a 
definite cross. Since the values could vary between these two ex- 
tremes, the correlation of the digestion curves with the birefringence 
curves was not as good as might be expected. Nevertheless, these 
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Fig. 3. Correlation of amylolytic digestion with loss of birefringence. 


curves indicate that soybean beta-amylase begins to digest starch at 
approximately the same pretreatment temperature at which the starch 
begins to lose its birefringence and begins to gelatinize. As more and 
more of the starch granules lose their double refraction and gelatinize 
the rate of digestion increases as a straight-line function, giving the 
steepest portion of the digestion curve. When the majority of the 
more heat-labile starch granules have been gelatinized the digestion and 
birefringence curves bend toward zero slope as the more heat-resistant 
granules gelatinize. According to Alsberg (1938) the gelatinization 
temperature of starch granules depends on size and surface area, follow- 
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ing the laws of surface tension. His explanation is supported in part 
by the curve for the small granule starch (Fig. 1), but it seems that 
other factors are also involved. 

Mechanically modified corn starches.—Figure 4 presents the curves 
of the amylolytic digestion of starches ground in a ball mill for 150, 
400, and 600 hours. Birefringence gradually disappeared on grinding, 
with the result that the starch ground for 600 hours contained only an 
occasional doubly refractive granule. The reducing values (expressed 
in the R.y units of Richardson, Higginbotham, and Farrow, 1936) 
varied from 4.0 on the 150-hour sample to 24.2 on the 600-hour sample. 
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Fig. 4. Ground corn starches. 


It is evident from the curves that the grinding process has increased 
the susceptibility of the starch to enzyme action. This increase in 
susceptibility is most noticeable at the lower pretreatment tempera- 
tures of 40, 50, and 60°C. The digestible starch at these pretreatment 
temperatures has been increased from less than 1% (raw starch) to 
more than 45% by grinding for 150 hours. On the other hand when 
the starch substrates are heated at 100°C., grinding causes very little 
increase in the amount of digestible starch over that available from 
raw starch. 
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Oxidized corn starches.—The oxidized (so-called ‘chlorinated ’’) 
starches were prepared by treatment of raw corn starch with alkaline 
hypochlorite produced electrolytically. Starches oxidized to varying 
degrees were digested by the beta-amylase of soybeans. Figure 5 
shows the curves obtained. Oxidation with small amounts of chlorine 
(up to 0.05 equivalent of chlorine per glucose unit) caused only a slight 
retardation of the enzyme digestion at all pretreatment temperatures. 
Oxidation with 0.1 equivalent or more of chlorine impeded digestion 
by soybean beta-amylase at higher pretreatment temperatures and 
reduced the total maltose equivalent producible. With the use of 
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Fig. 5. Oxidized corn starches. 


larger amounts of chlorine (0.5 equivalent) a marked increase in the 
digestion at lower pretreatment temperatures was observed in addition 
to the above-mentioned effect. This was further demonstrated by the 
digestion curves of two commercially chlorinated starches. These two 
curves were very similar to the curve of the starch oxidized with 0.5 
equivalent of chlorine. The logical conclusion of this study on oxi- 
dized starch is that oxidation changes some of the glucose units of 
starch to structures which are not attacked by beta-amylase under the 
conditions of these experiments. In support of this observation, 
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previous experiments showed that gelatinized corn starch oxidized 
more drastically than the above failed to show any digestion by malt 
extract. 

Dextrins and acid-hydrolyzed starches.—Dextrins are modified 
starches produced by heat with or without the addition of chemicals or 
by enzymes. Threé samples of the cold-water-insoluble fraction of 
commercial dextrins were subjected to the action of soybean beta- 
amylase digestion and the resulting values plotted in Figure 6. The 
R.y values for these dextrins were as follows: No. 1, 30.7; No. 2, 71.3; 
and No. 3, 108.9. Thus the order of degradation from the most to the 
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Fig. 6. Dextrins and acid-hydrolyzed starches. 


least degraded sample as measured by copper reduction was No. 3, 
No. 2, and No. 1. This order of degradation was also definitely 
illustrated by the digestion with soybean beta-amylase. Increased 
dextrinization has increased digestion at low pretreatment tempera- 
tures and has decreased digestion at high pretreatment temperatures. 
Dextrins from which the soluble fraction has not been removed would 
be expected to show digestion curves similar to those of the ground 
starches. 

Figure 6 also contains the digestion curve of a soluble starch pre- 
pared according to Gore (1928) by treating corn starch with 13% HCl! 
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for 20 hours at room temperature. The action of amylase on this 
substrate followed very closely the corresponding action on waxy 
maize starch. The raw corn starch substrates prepared at 80°C. 
produced about 50% maltose in three hours, whereas waxy maize 
starch and this sample of soluble starch produced about 55% maltose 
under the same treatment. Two ‘“‘thin-boiling’’ starches prepared 
commercially with acid catalysts gave results similar to those of the 
Gore starch. Slight acid hydrolysis generally increases digestibility 
at high pretreatment temperatures but has little or no effect at low 
pretreatment temperatures. 

Corn flours and brewers’ flakes—Both corn flours and brewers’ 
flakes are made by tempering corn grits with moisture and rolling on 
hot rolls. Figure 7 presents the digestion curves of three samples of 
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commercial corn flour. As measured by amylolytic hydrolysis the 
order of increasing degradation was No. 1, No. 3, No. 2, with the 
variation between samples No. 2 and No. 3 being almost within the 
range of experimental error. 

By comparison with Figure 4 it is evident that the corn flours 
behaved like ground starches. By variations in the procedures of 
tempering and flaking, the starch in the corn flours apparently has been 
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ruptured considerably though not as much as the corn starch ground 
for 150 hours in the ball mill. The increased digestion between 70° 
and 80° due to gelatinization of previously nonsusceptible granules 
is further evidence that the starch in these corn flours is not modified 
as much as that ground in the ball mill. 

Two samples of commercial paste flakes were also characterized 
by soybean amylase digestion. The curves obtained were not plotted 
here but both of them corresponded very closely to the curve for corn 
flour No. 3 as shown in Figure 7. No natural amylase was present in 
these flakes nor was there any in the corn flours. The curves, there- 
fore, represent digestion by the added soybean beta-amylase and are 
not complicated by the factors of autolysis which were found to change 
the character of the curves in the digestion of brewers’ flakes. 

Four samples of brewers’ flakes were ground and digested by soy- 
bean amylase in the usual manner. The upper curves of Figure 8 were 
obtained. Each of these curves showed a minimum amount of diges- 
tion at a certain temperature. These minima fell between 50° and 
75°C. and indicated the presence in the brewers’ flakes of a natural 
corn amylase which had not been destroyed in the milling process. 
Autodigestions gave the results shown by the dashed curves in Figure 8. 
The abnormally high‘ autodigestion value shown by sample No. 2 was 
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checked by three independent determinations with an accuracy of 
+1.0%. No evidence is available to indicate whether this is due to 
activation of the enzyme by heat or to increased susceptibility of the 
starch at this temperature. The curves show the variation which can 
be expected in such commercial samples. 

Bulbrook (1928) has found that the natural amylase in corn is 
principally of the alpha type. Thus the autodigestion of the brewers’ 
flakes may be due to action of alpha-amylase in the flakes. The 
digestion curves of Figure 8 seem to indicate a sum of the combined 
actions of alpha- and beta-amylase. The alpha-amylase acts during 
the pretreatment up to the temperature at which it is destroyed; with 
all pretreated starches, the beta-amylase acts (in addition to any alpha- 
amylase) during digestion. On this’basis, an approximate measure of 
the maltose which soybean beta-amylase would produce if no corn 
amylase were present could be obtained by subtracting the autodiges- 
tion values from the total digestion values. Further work is in 
progress, using other samples of brewers’ flakes. 


Summary 


The method of Martin and Newton (1938), which uses soybean 
beta-amylase to digest starch suspensions prepared at different tem- 
peratures, has been employed to measure the susceptibility of different 
starches to digestion and to measure the effect of various treatments on 
this susceptibility. 

A microscopic study of several starches indicated in each case that 
the starch granules became digestible at approximately the same tem- 
perature at which they began to lose their birefringence and began to 
gelatinize. 

Characteristic digestion curves have been presented to show the 
changes in susceptibility of starch when ground in a ball mill for 
varying lengths of time, when oxidized by different amounts of chlorine, 
when dextrinized or acid-hydrolyzed to different degrees, and when 
subjected to the dry-milling processes by which corn grits are con- 
verted to corn flours, paste flakes, and brewers’ flakes. 
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THE WHEAT-MEAL-TIME-FERMENTATION TEST. IV. 
INHIBITORY AND ACCELERATING FACTORS ' 


C. O. SWANSON ? 
Agricultural Experiment Station, Manhattan, Kansas 


(Received for publication November 16, 1939) 


In previous papers (Swanson, 1937; Swanson and Dines, 1939; and 
Swanson, 1939) it was shown that various factors influence the “‘time”’ 
or the interval between the moment the doughball, of either wheat meal 
or flour, is put into the water and the moment a break can be observed 
on the under surface at the dough-water interface. The following main 
facts were shown: The time on flours is longer than on meals and the 
time on flours from wheats which have a short time is usually as long 
as on flours from wheats which have a long time. Adding the bran or 
shorts which were removed in milling does not shorten the time on 
flour, but makes it longer. The protease pepsin and the protease 
activator, commercial cysteine used in.the form of the monohydro- 
chloride, decreased the time. These two substances, to a certain ex- 
tent, overcame the lengthening effect of bran and shorts. A few trials 
indicated that extracting bran with water did not affect its lengthening 
effect, but the water extract shortened the time. A few trials also 
indicated that the wheat germ decreased the time. It was also shown 
that protease inhibitors, notably KBrO; and commercial Cebione or 
ascorbic acid, increased the time. The investigations thus far indicate 
that the time is influenced by three groups of factors besides the gluten 
quality: (1) proteases, (2) protease activators, and (3) protease in- 
hibitors. The effects of the various substances were greater on long- 
time than on short-time wheats and, hence, substances can be added 
which will shorten the time of long-time wheat meal, so that it is no 
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longer than that of a short-time meal, and substances can also be added 
which will make the time of short-time meals as long as those of the 
long. Some substances which lengthen the time on flour are in the 
bran and some substances which shorten the time are in the germ. 

The investigations discussed in this paper were concerned first with 
the question of whether various treatments of bran and germ would 
influence their effects on time. Along with these there were several 
supplementary experiments. 

Tenmarq was used as a representative of a long-time wheat and 
Blackhull and Chiefkan as short-time wheats. The time on the meal 
of Tenmarq was 103 minutes, of Blackhull 52, and of Chiefkan 42. 
The time on the flours were: Tenmargq 106, Blackhull 120, and Chiefkan 
104 minutes. It should be remembered that there is always obtained 
on samples from every wheat or flour considerable variation in time, 
but these figures were the basis for selecting these varieties and in 
several instances were used as checks. A 2,000-gram sample of each 
of these wheats was milled into flour, bran, and shorts. Some wheat 
of each variety was reserved for making tests on the meals. These 
trials were not performed in the order they are presented but were 
subsequently arranged for as logical treatment as possible. Chiefkan 
was used in a few trials because the sample of Blackhull was exhausted. 


Exchanging Bran and Shorts 


Since the time on Blackhull flour was found to be as long as that on 
the Tenmarg flour, would there be any difference in the effects of these 
respective brans if exchanged on the flours? To ascertain this the 
bran from each wheat was used on its own flour and on the flour from 
the other wheat. Shorts were also included because they contain more 
of the germ and also more of the endosperm than the bran. The 
figures obtained in this exchange are found in Table I. 


TABLE I! 
EFFECT OF EXCHANGING BRAN AND SHORTS 











Tenmarq Blackhull 
flour flour 
Min. Min. 
Tenmarg bran or shorts 
15 g. flour (check) 106 120 
12.6 g. flour + 2.4 g. bran 153 130 
13.0 g. flour + 2.0 g. shorts 155 117 
10.6 g. flour + 2.4 g. bran + 2 g. shorts 119 71 
Blackhull bran or shorts 
12.6 g. flour + 2.4 g. bran 169 108 
13.0 g. flour + 2.0 g. shorts 161 115 
10.6 g. flour + 2.4 g. bran + 2 g. shorts 148 69 
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Bran and shorts when added separately produced a lengthening 
effect on Tenmarg flour but not consistently on Blackhull flour. When 
both were used together there was an increase in time on Tenmarq 
flour, but on Blackhull flour there was a notable decrease in time. 
This decrease on Blackhull was produced with the bran plus the shorts 
from both wheats and may have been due to the germ in the shorts. 
Why this should affect the Blackhull flour and not the Tenmarg flour 
is not clear. However, there is no evidence in these figures that the 
effects of Tenmargq bran were in any way different from Blackhull bran. 


Effects of Heating the Bran 

Several trials (literature cited) as well as figures in Table I had es- 
tablished that untreated bran would increase the time on flour. To 
determine if heating the bran would have any effect, trials were made 
with heated bran, water-extracted heated bran, and extract of heated 
bran. Heating would destroy any enzymes present and the water 
extraction might remove the inhibiting substance. One-hundred- 
gram portions of bran from Tenmarg and from Blackhull were heated 
at 100°C. for about 2} hours. Portions of these heated brans were 
ground in a hammer mill to pass a }-mm. sieve and then used with the 
two flours as shown in Table II. 


TABLE II 
EFFEcTs OF HEATED BRAN ON THE “TIME” OF FLOURS 











Tenmarq Blackhull 
flour flour 
Min. Min. 
Tenmarg heated bran 
15 g. flour (check) 103 106 
14 g. flour + 1 g. bran 170 162 
13 g. flour + 2 g. bran 204 148 
12 g. flour + 3 g. bran 227 166 
Blackhull heated bran 
15 g. flour (check) 98 107 
14 g. flour + 1 g. bran 181 166 
13 g. flour + 2 g. bran 200+ 175 
12 g. flour + 3 g. bran 200+ 173 





The heated brans produced an increase in the time of both flours but 
there is no evidence to show that the effect of Tenmarq bran was any 
different from that of Blackhull even after heating. 


Effects of the Extracts from Heated Bran 
To 25-gram portions of each of the heated brans was added 125 cc. 
of water and the material was allowed to soak over night. These were 
then placed on linen cloth such as is used for filtering crude fiber and as 
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much liquid squeezed out as practicable. This liquid was then centri- 
fuged and portions of the clear liquid were used on the two flours as 
indicated in Table III. Since 125 cc. of water was added to 25 g. of 
bran, each cc. of the extract represented ¢ g. of bran. Because of the 
large water absorptive capacity of bran, it was not practicable to obtain 
a liquid by this method which would represent as large portions of bran 
as were used in the trials shown in Tables I and IT. 


TABLE Ill 


EFFECTS OF WATER ExtTRACTsS OF HEATED BRAN 











Tenmarq Blackhull 
flour flour 
Min. Min, 
Tenmarg heated bran extract 
15 g. flour (check) 104 107 
15 g. flour+2cc. = 2g. bran 117 116 
15 g. flour+4cc. = ¢g. bran 115 114 
15 g. flour + 8 cc. = 12 ¢g. bran 132 133 
Blackhull heated bran extract 
15 g. flour (check) 101 107 
15 g. flour + 2 cc. = ig. bran i15 115 
15 g. flour+4cc. = 4g. bran 112 120 
= 12g. bran 136 139 


15 g. flour + 8 cc. 








The effects of the extracts of heated bran were much smaller than 
that of the bran material. The figures show that these extracts pro- 
duced no decrease in time but a small increase and also that there was 
no difference between the extracts of the two brans. In a previous 
trial (literature cited) there was an indication that the water extract 
of unheated bran produced a small decrease in time. 


Effect of Water-Extracted Heated Bran 


Portions of the heated brans were soaked in 400 cc. of water over 
night. They were then placed on linen and washed several times with 
water, after which they were spread out in thin layers till air-dry. 
After grinding in a hammer mill they were used in the trials presented 
in Table IV. It is evident that the extraction with water did not 
remove any of the inhibiting substances nor was there any difference 
between the effects of two water-extracted brans. 


Effect of Pre-soaking the Bran 


Ground bran of Tenmarq and of Blackhull were placed in beakers 
using the weighed portions desired for use in the doughballs, and 9 cc. 
of water was added. The beakers were then covered with watch glasses 
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TABLE IV 


EFFECTS OF WATER-EXTRACTED HEATED BRAN 











Tenmarq Blackhull 
flour flour 
Min. Min, 
Tenmargq water-extracted heated bran 
15 g. flour (check) 103 111 
14 g. flour + 1 g. bran 187 209 
13 g. flour + 2 g. bran 248 251 
12 g. flour + 3 g. bran 300+ 250+ 
Blackhull water-extracted heated bran 
15 g. flour (check) 103 111 
14 g. flour + 1 g. bran 181 227 
13 g. flour + 2 g. bran 260+ 217+ 
12 g. flour + 3 g. bran 275+ 275+ 





and kept in the fermentation cabinet at 30°C. for 4 hours. Dough- 
balls were then made by adding the weighed portions of the flours and 
of the meals from Blackhull and Tenmarg as shown in Table V. _Pre- 
soaking should allow any inhibiting or activating substance in the bran 
to be liberated and thus become more active. The results show, 
however, that the effects of the presoaking were insignificant. 


TABLE V 


EFFECT OF PRESOAKED BRAN ON FLOUR AND MEAL 























Amt. 
flour Tenmargq Blackhull 
or Amt. 
meal bran Flour Meal Flour Meal 
Min. Main. Min. Min. 
15 g. (check) 112 165 133 60 
14 g. + 1 g. Tenmarg presoaked bran 182 172 192 74 
13 g. + 2 g. Tenmarq presoaked bran 227 177 173 115 
12 g. + 3 g. Tenmarg presoaked bran 236 216 212 135 
14 g. + 1 g. Blackhull presoaked bran 193 167 193 83 
13 g. + 2 g. Blackhull presoaked bran 239 197 185 130 
12 g. + 3 g. Blackhull presoaked bran 264 222 216 187 





Effect of Mixing Starch with the Meal so as to Attenuate 
the Gluten Structure 


One question in connection with the use of bran mixed into the 
doughball is the attenuating effect on the gluten. This by itself 
should have weakened the gluten structure and as a consequence 
shortened the time. On the contrary the bran lengthened the time 
and the lengthening was somewhat greater with the larger amounts of 
bran. Thus there is some substance in the bran which slows down the 
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reactions which cause the break on the doughball water-interface. 
Wheat starch would not have this inhibiting substance and for com- 
parison it was mixed with flour in varying proportions so as to atten- 
uate the gluten network. The proportions used and results obtained 
are given in Table VI. 

TABLE VI 


Errect oF DILUTING FLouR WITH STARCH 








Proportions in mixture 





Flour Starch Tenmarq Blackhull 
g. g. Min. Min. ad 
15 0 108 130 
13 2 118 130 
11 4 105 144 
9 6 101 116 
7 8 105 97 





There was no shortening of time on Tenmarq flour beyond the 
experimental error. On the Blackhull there was no decrease in time 
until the proportion of starch was a little more than half the flour. 
The effect of starch is in contrast to the effect of bran which would also 
dilute the gluten structure and this should shorten the time. Appa- 
rently weakening the gluten structure does not have a shortening effect 
until the proportion of the attenuating substance is large. This indi- 
cates that the lengthening effect of bran is due to an inhibiting substance. 

Trials were also made by diluting the wheat meal with starch. The 
results obtained are given in Table VII. 


TABLE VII 


Errect oF DiLuTING WHEAT MEAL WITH STARCH 








Proportions in mixture Tenmarq Chiefkan 
Min. Min. - 
15 g. meal + 0 g. starch 123 52 
13 g. meal + 2 g. starch 90 41 
11 g. meal + 4 g. starch 61 49 
9 g. meal + 6 g. starch 64 49 
7 g. meal + 8 g. starch 59 52 





The variations in the figures for Chiefkan meal are within the 
experimental error and hence it may be said that diluting its gluten 
structure with starch had no effect. The shortening effect of 2 g. and 
4 g. of starch is quite evident on the Tenmargq meal and this is probably 
due to the weakening of the gluten structure. However, the 6 g. and 
8 g. do not seem to have any further additive effect. 
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Effects of Commercial Wheat Germ 


In a previous trial (literature cited) it was shown that the presence 
of a considerable amount of wheat germ obtained either by adding a 
mill stream rich in this substance or adding the germ ends of the kernels 
would shorten the time. This suggested that further trials be made 
with the yellow flaked germ obtained in flour mills. The germ was 
first ground to pass a 3-mm. sieve. Trials were then made by mixing 
the ground germ with flour and meal. Water extract of the germ was 
used in varying amounts. A few trials were also made with the water- 
extracted germ. The extracting with water was done in the same 
manner as with the bran. The respective amounts used and the results 
obtained from these trials are given in Table VIII. The addition of 


TABLE VIII 


Errect OF COMMERCIAL WHEAT GERM 











Tenmargq Blackhull 

Min. Min. 
Meal (check) 103 52 
Meal + 1 g. germ 62 46 
Meal + 2 g. germ 50 47 
Meal + 3 g. germ 45 49 
Flour (check) 106 120 
Flour + 1 g. germ 126 126 
Flour + 2 g. germ 64 62 
Flour + 3 g. germ 52 57 
Flour + extract of germ 1 cc. 73 78 
Flour + extract of germ 2 cc. 62 73 
Flour + extract of germ 4 cc. 58 66 
Flour + extract of germ 6 cc. 58 73 
Flour + extract of germ 8 cc. 54 70 
Flour + extracted germ 1 g. 86 98 
Flour + extracted germ 3 g. 120 112 





germ and water extract of germs had a shortening effect on both the 
meals and the flours. In this respect the effects of the germ are in 
sharp contrast to the effects of the bran. That the active substance in 
germ is water-soluble is indicated by the effects of the germ extracts 
and by none or only small effects of the water-extracted germ. 


Effect of Heating the Germ 


If the shortening effects of the germ are due to an enzyme, then this 
should be destroyed by heating. About 50 grams of the germ were 
heated at 100°C. for several hours and then ground in a hammer mill. 
Portions of this germ were mixed with the flours and then used in 
making doughballs. This heated germ had a peculiar effect on the 
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doughballs. It was not possible to get a definite end point. The balls 
flattened out and remained floating. Strings of dough developed on 
the under side, but no pronounced point at which disintegration started 
could be recorded. (These observations indicate that the heating of 
the germ produces some substance which has a pronounced effect on 
the physical properties of the doughball.) 

A portion of the ground germ was extracted with water by letting 
it soak for several hours, then filtering and centrifuging. Portions of 
this water extract of heated germ were then used in making doughballs 
with the flours. It was difficult to get a satisfactory end point because 
the balls became stringy. The results as observed are given in Table 
IX and they show that the accelerating substance in the germ was 
destroyed by heating since there was no shortening of time as with the 
water extract of unheated germ. 














TABLE IX 
Errect oF WATER ExtTrRACcT oF HEATED GERM 
Tenmarq Blackhull 
flour flour 
Min. Min. 
15 g. flour (check) 95 96 
15 g. flour + 2 cc. = } g. germ 109 117 
15 g. flour + 4 cc. = 1 g. germ 120 112 
15 g. flour + 8 cc. = 2 g. germ 119 116 





Effects of Conditions of Germination 


The germ, as the center of the processes which start a new plant, 
would be rich in storage enzymes. In the process of germination still 
more enzymes would be developed by the epithelial layer at the boun- 
dary between the germ and the endosperm. The process of germina- 
tion requires a moisture content of about 35% or more, and high mois- 
ture content may of itself cause changes in the wheat kernel so as to 
affect the time. To obtain this comparison one set of wheat samples 
were soaked in water at 60°C. and another set at 27°C. After soaking 
until the kernels became soft, both sets were kept moist at room tem- 
peratures for 1, 2, 3, and 4 days, respectively. At the end of each 
period the wheat samples were spread in thin layers to permit rapid 
air-drying and then stored in a dry place until ground for the tests. 
The samples soaked at 60°C. did not show any signs of germination, 
while the others showed increased amounts of sprouting with the 
progress of time. The ground meal from the sample germinated four 
days was the one mixed with meal of unheated wheat. The results of 
these trials are shown in Table X. 
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TABLE X 


EFFECTS OF SOAKING AT 27°C. AND 60°C. AND THE PROCESS OF GERMINATION 

















Tenmarq Chiefkan 
60°C. ww. 60°C. 27°C. 
Min. Min. Min. Min. 
Check sample 121 59 
14 g. meal + 1 g. germinated meal 150+ 36 
13 g. meal + 2 g. germinated meal 88 28 
Kept moist for: 
day 53 32 
2 days 34 29 29 23 
3 days 43 20 29 21 
4 days 34 20 29 17 





It is apparent that simply soaking the wheat in water at 60°C. 
decreased the time, but there was no effect from the duration of the 
time of keeping the wheat moist. In the samples which were treated 
at 27°C. and in which germination took place there was a progressive 
decrease in time. After the samples had been germinated there was no 
essential difference between the time of the long Tenmargq and the short 
Chiefkan. In supplementary trial it was found that soaking the wheat 
one hour at 70°C. reduced the time of Tenmarq to 37 minutes and 
Blackhull to 35 minutes. 





Effects of Conditions of Storage 


Wheat is continually undergoing change and this change is the more 
rapid the higher the moistures and the higher the temperatures. It 
was desired to learn what effects these conditions have on the doughball 
time. It was shown by Swanson (1937) that time on ground meal 
tends to increase with the duration of storage. In order to determine 
if the conditions of wheat storage have a notable influence on time of 
wheat, samples were treated as follows: Water was added to various 
portions so as to make the moisture contents 12%, 16%, and 20%, 
respectively. The 12% samples may be considered as the checks. 
After wetting, the wheat was placed in closed 4-ounce screw-cap bottles 
to minimize the moisture loss and also duplicate conditions in deep 
bins. One-half the bottles were stored in a room kept at 60°—-65°F. 
and the other half on a laboratory shelf where the temperature ranged 
considerably higher. At the end of 1, 7, 28, and 84 days portions were 
ground and the time tests made with the results given in Table XI. 

The results obtained on the 12% moisture samples show the range 
in experimental error when tests are far apart. Storing at 20% 
moisture increased the time for the two longer periods of storage. 
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This may have been due in part to the mellowing effects which caused 
a finer granulation. In a previous trial (Swanson, 1937) it was shown 
that finer granulation caused a longer time. The results show in 
particular that the condition of storage must vary considerably before 
there is any important influence on time. 


TABLE XI 


EFFECTS OF STORING UNDER VARYING MOISTURES AND TEMPERATURES 














Stored in laboratory Stored at 60°-65°F. 
Period of Moisture 
storage content Tenmarq Chiefkan Tenmarq Chiefkan 
Days % Min, Min. Min. Min. 
1 12 138 40 130 45 
7 12 113 39 112 35 
28 12 124 42 119 38 
64 12 116 50 109 47 
1 16 129 48 121 43 
7 16 111 40 111 44 
28 16 117 51 132 43 
64 16 127 62 140 55 
1 20 159 53 156 67 
7 20 48 105 40 
28 20 146 98 162 79 
64 20 158 97 212 66 





Effects of Diastase 


The process of germination would increase not only the proteases 
but also the diastases. Flour from germinated wheat or malted wheat 
flour is added to increase the diastatic activity of the flour and hence 
have a consequent effect on the rate and amount of gas production in 
the baking processes. To learn what effect these enzymes had on the 
doughball time, trials were made by mixing commercial diastase with 
both the meals and the flours. The results obtained are given in 
Table XII. 


TABLE XIl 


EFFECTS OF DIASTASE 











Tenmarg Blackhull 
Min. Min. 
Meal + 5 mg. diastase 113 59 
Meal + 10 mg. diastase 111 57 
Flour + 5 mg. diastase 112 111 


Flour + 10 mg. diastase 110 110 
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Additional data on the effects of diastase are given in connection 
with other trials which will be described later. The figures show that 
the diastase did not shorten the time of the meal or the flour. Hence, 
the effect of the 2 g. meal from germinated wheat was apparently not 
due to the diastase but rather to the protease (Table X). 


Effects of Malted Wheat Flour 


The malted wheat flour used was a commercial product sold to 
mills that desire to blend in certain amounts in order to increase the 
diastatic activity of the flour whenever it is lower than demanded by 
the baker. In one set of determinations the malted wheat flour was 
first mixed with the 15 g. of meal when the water and yeast were added 
in making the three doughballs. In another set of determinations the 
malted wheat flour was mixed with the water on which the doughball 
was floated. For comparison pepsin was dissolved in the water on 
which the doughballs were floated. The results obtained are given in 
Table XIII. 

TABLE XIII 
Errect OF MALTED WHEAT FLOUR AND PEPSIN 








Tenmarq Chiefkan 
Min Min 
Malted wheat flour incorporated with the doughball 
Meal (check) 139 44 
Flour (check) 157 104 
Meal + 5mg. M. W.F. 144 41 
Meal + 10 mg. M. W.F. 153 43 
Meal + 25¢. M. W.F. 156 42 
Meal + 50g. M. W.F. 177 45 
Meal + 100 g. M. W.F. 176 47 
Flour + 10g. M. W.F. 126 115 
Flour + 100 g. M. W. F. 133 116 
Malted wheat flour suspended in the water 
Meal + .1g. M. W.F 42 
Meal + .2 g. M. W.F 184 44 
Meal + .5g. M. W.F. 227 44 
Meal + 1.0 g. M. W. F. 240+ 43 
Meal + 2.0 g. M. W. F. 240+ 41 
Flour + .2g. M. W.F. 143 104 
Flour + 2.0 g. M. W. F. 123 102 
Pepsin dissolved in the water 
Meal + 10 mg. pepsin 41 36 
Meal + 20 mg. pepsin 40 39 





On Tenmargq the malted wheat flour increased the time both when 
mixed with the doughball and when suspended in the water so as to act 
at the dough-water interface. On Chiefkan the time was not in- 
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fluenced. In contrast with the diastase, the pepsin had a marked effect 
in decreasing the time. Thus any protease which may be present in 
malted wheat flour has apparently no effect on time. 


Effects of Varying the Amounts of Yeast and Sugar 


The addition of diastase or of malted wheat flour should stimulate 
yeast activity because of the availability of more yeast food. The 
amounts of yeast used in the time determinations are based on baking 
formulas, but sugar is omitted asarule. To determine whether adding 
sugar in varying amounts and also using larger amounts of yeast would 
influence the results, the quantities of yeast and sugar as indicated in 
Table XIV were used. 

TABLE XIV 


EFFECTS OF INCREASING AMOUNTS OF SUGAR AND YEAST 














Meal—Antt. yeast Flour—Amt. yeast 
Amt. 
sugar 2% 4% 6% 2% 4% 6% 
% Min. Min, Min. Min. Min. Min. 
Tenmarq 0 134 117 102 166 122 103 
2 175 124 113 157 89 62 
4 185 153 125 169 92 63 
6 198 156 127 167 93 64 
8 186 152 159 171 100 65 
Blackhull 0 79 60 53 200 156 122 
2 79 63 55 180 102 79 
4 88 69 75 173 102 80 
6 89 78 91 173 106 78 
8 96 83 89 178 105 77 





The results obtained by varying the amounts of sugar and yeast 
show the following: 


1. The time on the Tenmarg meal is longer in every instance than 
the time on Blackhull meal, the ratio being nearly 2:1. The time on 
Blackhull flour is longer than the time on Tenmarg flour, but the dif- 
ferences between the flours are small in comparison with the differences 
obtained on the meals. 

2. When the yeast was increased the time was decreased in every 
instance but one. The duration of decrease was greater on the Ten- 
marq than on the Blackhull meal but the decreases were in the same 
degree on both flours. 

3. When the sugar was increased the time was increased on the 
meal, and the more sugar the longer was the time. On the flour there 
was a distinct decrease in time with 2% sugar when 4% and 6% yeast 
was used. Increasing the sugar beyond 2% produced no further de- 











May, 1940 Cc. O. SWANSON 367 


crease with the larger amounts of yeast. With 2% yeast the time was 
decreased on the Blackhull flour when the sugar was increased beyond 
2% but not on the Tenmarg flour. 

4. The time differences between Blackhull meal and Tenmarg meal 
persisted with all the variations of the amounts of yeast and sugar. 
The time differences with the flours are smaller, and the time for Black- 
hull flour was longer in every instance. 

5. There thus appears to be a real difference in the behavior of these 
two meals and flours which is not obliterated by varying either the 
amount of yeast or sugar. 


Effect of Inhibitors in Connection with Pepsin 


In former trials (literature cited) it was shown that KBrO; and 
Cebione increased the time and that pepsin decreased the time. 
Further trials were made with pepsin both alone and in combinations 
with the inhibitors Cebione and KBrO;. These inhibitors were also 
used in combination with germ and predigested meal. Pepsin was also 
used alone on both flour and meal from long- and short-time wheats. 
The results of using pepsin both alone and in combination with Cebione 
or KBrO; are given in Table XV. 


TABLE XV 


EFFECTS OF PEPSIN IN COMBINATION WITH KBrO; or CEBIONE 











Tenmarq Blackhull 

KBrO; Cebione Pepsin meal meal 

Mg. Mg. Mg. Min. Min. 
0 0 0 103 52 
0 0 2 53 35 
0 4 0 207 133 
0 1 0 227 151 
0 2 0 238 194 
; 0 0 159 72 
1 0 0 192 82 
2 0 0 236 98 
0 3 2 85 52 
0 1 2 89 54 
0 2 2 97 58 
4 0 2 56 38 
1 0 2 60 40 
2 0 2 66 42 





In every case the KBrO; and the Cebione when used by themselves 
increased the time, but when used in combination with pepsin their in- 
hibiting effects were rendered either nil or much reduced. In some 
supplementary trials it was found that these effects also depended upon 
the relative quantities used. That is, one or the other might be present 
in such amounts as to neutralize each other. 
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Effect of Germ in Connection with Inhibitors 


That commercial wheat germ shortens the time was shown in 
figures given in Table VIII. If this shortening is due to a protease, 
then the germ should tend to neutralize the effects of KBrO; and Ce- 
bione. That this did take place is shown in Table XVI using ground 
germ with both meal and flour. 


TABLE XVI 


Errect oF WHEAT GERM IN COMBINATION WITH KBrQO; or CEBIONE 











Tenmarq Blackhull 

Min. Min. 
Meal alone (check) 98 52 
Meal + 2 mg. KBrO; 236 98 
Meal + 2 mg. Cebione 238 194 
Meal + 2 g. germ + 2 mg. KBrO; 61 43 
Meal + 2 g. germ + 2 mg. Cebione 50 48 
Flour alone (check) 96 109 
Flour + 2 mg. KBrO; 133 116 
Flour + 2 mg. Cebione 117 121 
Flour + 2 g. germ + 2 mg. KBrO; 86 55 
Flour + 2 g. germ + 2 mg. Cebione 108 65 





The germ overcame the inhibiting effects except with Cebione on 
the Tenmargq flour. This may have been because the quantity of the 
germ was not sufficient to overcome the inhibiting effects of the 2 mg. 


of Cebione. 


Influence of Predigesting the Meal 


Several trials (unpublished data) have shown that water-and-flour 
dough undergoes marked changes in physical properties if simply 
allowed to stay in the dough-fermentation cabinet. It has also been 
shown in the preceding pages that additions of proteases, activators, 
and inhibitors have a great influence on time. What effect would 
simply staying in the cabinet have on time? The plan was to allow 
the doughball to predigest for four hours before the yeast was mixed 
in and then determine the effect of this predigestion on time. In one 
set of trials pepsin, the protease activator, cysteine, and the inhibitors 
KBrCO; and Cebione, were added when the meal-water doughball 
was made. In another set these ingredients were added when the 
yeast was mixed in. The results obtained from predigesting the 
doughball four hours and then adding the other ingredients when the 
yeast was incorporated are given in Table XVII. It was necessary to 
make the doughball at first a little stiff and then add a small amount of 
water when the yeast was incorporated. 
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TABLE XVII 


EFFECT OF PREDIGESTION AND THEN ADDING INHIBITORS, CYSTEINE AND 
ENZYMES AT THE TIME YEAST WAS ADDED 














Tenmarq Blackhull 

Meal ‘Flour Meal Flour 

Min. Min. Min. Min. 
Doughball (check) 125 90 61 108 
Predigested doughball 172 80 107 103 
Predigested doughball + 2 mg. KBrO; 289 103 260 90 
Predigested doughball + 2 mg. Cebione 225 82 171 101 
Predigested doughball + 2 mg. cysteine 101 90 37 99 
Predigested doughball + 2 mg. pepsin 82 99 49 110 
Predigested doughball + 5 mg. diastase 166 93 105 114 





It is evident that predigestion increased the time of the meal, 
but the effects on the flours were within experimental error. The 
addition of the inhibitors KBrO; and Cebione as well as diastase 
further increased the time but cysteine and pepsin decreased the time. 
Hence, the changes in the physical properties of the dough due to 
predigestion increased rather than decreased the time. 

The results of the trials in which the other ingredients were added 
at the same time the doughball was made are given in Table XVIII. 
These ingredients would then exert their influence during the time of 
the predigestion. The yeast was incorporated at the end of the four 
hour period. 


TABLE XVIII 
EFFECT OF PREDIGESTING WITH THE OTHER INGREDIENTS PRESENT 














Tenmarq Blackhull 

Meal = Flour Meal Flour 

Min. Min. Min. Min. 
Doughball (check) 131 99 56 105 
Predigested with 2 mg. KBrO; 275 106 193 81 
Predigested with 2 mg. Cebione 255 103 213 112 
Predigested with 2 mg. cysteine 142 83 64 96 
Predigested with 2 mg. pepsin 85 73 43 97 
Predigested with 5 mg. diastase 181 85 99 111 





Whether these ingredients are added after or before the predigestion 
seems to have made very little difference on the time. Therefore it 
seems that the predigestion did not stimulate any enzymes in the meal 
or flour so as to affect the time. Since the inhibitors KBrO; and 
Cebione were as effective in increasing the time whether added before 
or after the digestion period indicates that their chief influence is on 
the yeast. 
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Effect of Pepsin on Flour and Meal 


In the previous paper by Swanson and Dines (1939) it was shown 
that the pepsin decreased the time proportionately more on a long- 
time than on a short-time meal. Would there be the same propor- 
tionate effect on flours from wheats of longer and shorter time? The 
results obtained from long- and short-time wheats and the flours from 
the same are given in Table XIX. In each pair the short-time meal is 
placed first. 

TABLE XIX 
Errects OF PEPSIN ON FLOUR AND MEAL 




















No pepsin With pepsin 
Variety Serial No. Meal Flour Meal Flour 
Min. Min. Min. Min. 
Turkey 23921 49 104 44 99 
23922 93 124 61 96 
Kanred 23930 47 104 42 80 
23931 71 111 53 90 
Tenmarq 23941 107 106 76 77 
23944 135 71 67 
Blackhull 23950 68 104 59 85 
23951 87 98 57 71 
Chiefkan 23958 52 87 78 46 
23961 86 125 66 74 
Cheyenne 23967 109 120 75 96 
23970 134 125 121 105 
Kawvale 23975 59 113 44 115 
23978 98 116 56 106 





The figures in Table XIX show the following: 


1. The time is longer on the flours than on the meals, but the dif- 
ferences between the flours and meals of long-time wheats are less than 
on short-time wheats. That is there is much less differentiation among 
varieties on the flours than on the meals. 

2. When pepsin was used there was a reduction in time on both 
meals and flours and this was proportionately greater from long-time 
than from short-time wheats. The reduction on the flours was less 
than on the meals and hence pepsin made the differences less between 
the flours from long-time than from short-time wheats. 


Summary and Discussion 


Tenmarq as a representative of long-time wheats and Blackhull 
and Chiefkan as representatives of short-time wheats were used for the 
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trials reported in this paper. The wheats were ground so as to have 
flour, bran, and shorts from each as well as meal. 

Mixing the bran from a short-time wheat with the flour from a 
long-time wheat has the same effect as mixing the bran from a long- 
time wheat with the flour from a short-time wheat. Thus there does 
not seem to be any differences in the brans from the long- and the short- 
time wheats. The effects of heated bran were the same as the un- 
heated and extracting with water did not change the effectiveness of 
bran in increasing the time on flour. Presoaking the bran was also 
without effect. Mixing bran with flour dilutes the gluten structure, 
but that such dilution does not necessarily decrease the time was shown 
by mixing starch with flour and with meal, since starch had little effect 
on the time of the flours and on the meal from Chiefkan. On Ten- 
margq meal the time was reduced with the increasing amounts of starch 
and when the starch was a little over half the mixture, the time dif- 
ferences on Tenmarg and Chiefkan disappeared. 

Commercial wheat germ shortened the time on both the flours and 
the meals. The same was also true of the water extract of the germ. 
Heating the germ destroyed the potency of the water extract. Ger- 
minating the wheat made the time shorter. Merely soaking at 60°C. 
and 27°C. also made the time shorter. Incorporating meal from 
germinated wheat made the time shorter. That the effects of ger- 
minated meal were not due to an increase in diastase was shown by 
the non-effect obtained from adding the commercial malted wheat flour 
to meals and to flours. Commercial malted wheat flour increased the 
time on Tenmarq meal; hence whatever protease may be present had 
no effect. 

Increasing the amount of yeast decreased the time but increasing 
the amount of sugar lengthened it. However, even with varying 
amounts of sugar and yeast the time differences between the Tenmarq 
and the Blackhull meals persisted. 

Varying moisture and temperature conditions during storage have 
little effect on time unless they are extreme. 

Cebione and KBrQ; increased the time, but pepsin and wheat germ 
may overcome their effects. Predigesting the meal, which causes 
important physical changes in the dough, has but little effect on time. 
Pepsin will reduce the time proportionally more on long-time meals and 
flours than on short-time meals and flours. Hence the main effect of 
pepsin is to obliterate differences which are obtained on the wheat 
meals from different wheat varieties. 

Thus while various substances may be used either to increase or 
shorten the time the exact reason for the long time on some wheat 
meals and the short time on others is not entirely clear. The bran 
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itself does not seem to cause the differences. While proteases including 
those present in the wheat germ decrease the time, their ultimate effect 
is to remove differences between the long- and the short-time wheats. 
There seems to be some inherent factor in the gluten which causes the 
differences in time since they will persist under a number of manipula- 
tions, although they can be obliterated. But why the same time dif- 
ferences are not obtained on the flours as on meals needs further 
investigation. 

Since the wheat-meal-time-fermentation test may be influenced by 
so many factors it must be used with caution in evaluating the quality 
of wheat varieties. Much more needs to be known about the factors 
which influence the breaking of the doughball at the dough-water 
interface. It is also evident from the data obtained in this series of 
papers that the problem must be attacked from several angles. 
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STUDIES ON WHEAT STARCH. IV. FRACTIONATION 
AND AMYLASE HYDROLYSIS' 


O.tor E. STAMBERG 
Division of Agricultural Biochemistry, University of Minnesota, St. Paul, Minnesota 


(Read at the annual meeting, May 1939) 


When a starch solution is hydrolyzed by beta-amylase the hydrol- 
ysis will proceed rapidly until about 50% to 60% is converted into 
maltose. The remaining part of the starch is relatively resistant to 
further action by beta-amylase. This portion of the starch which 
remains after beta-amylase hydrolysis is generally referred to as ery- 
throgranulose, using Wijsman’s (1889) terminology. Other names 
used for this fraction are alpha-amylodextrin (Baker, 1902), alpha- 
starch (Klinkenberg, 1932), and beta-dextrin (Myrback, 1937). While 
erythrogranulose is the name most commonly employed, it is really 
a misnomer since the material gives a blue color with iodine. 

Myrback (1937) reported his belief that beta-amylase attacks only 
the straight chain part of the starch molecule which corresponds to the 
Haworth model, and that the incomplete hydrolysis of starch by beta- 
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amylase is due to certain anomalies in the starch molecule, such as 
phosphorus in ester linkages, or branched chains in the molecule, as 
suggested by Staudinger and Husemann (1937). The Haworth 
straight chain model and the Staudinger-Husemann branched chain 
model are reproduced in Figure 1. 


CH,0H 


CH,OH 
Ta Falla iN Q 
yo Ro a gps 
HO 0 H OH 


H OH 


/\ 
HO H 


STAUDINGER-HUSEMANN MODEL 


Fig. 1. Showing the Haworth straight chain model and the Staudinger-Husemann branched chain 
model for the molecular structure of starch. 
In this investigation wheat starch was separated into various 
fractions which were then studied as to their susceptibility to amylase 
action. 





STUDIES ON WHEAT STARCH. IV 


Experimental 

Commercial wheat starch (I) was pulverized in a rod mill and 
quantitatively separated into amylopectin (II) and amylose (III) by 
the electrodecantation method described by Stamberg and Bailey 
(1939a). A part of the same pulverized wheat starch was then hydro- 
lyzed by purified beta-amylase. Several portions of the enzyme were 
added until no further action was observed as determined by maltose 
tests. The remaining erythrogranulose was precipitated by addition 
of ethyl alcohol to a 65% concentration. The white precipitate (IV) 
was recovered by centrifuging and washed several times with 65% 
alcohol to remove the maltose. About 85% of the theoretical yield 
of the erythrogranulose, as based on the amount of the starch not 
hydrolyzed by beta-amylase, was thus recovered. The erythrogranu- 
lose (IV) was practically non-reducing and gave a blue color with 
iodine. It was also fractionated into amylopectin (V) and amylose 
(VI) by the electrodecantation method in exactly the same manner as 
the pulverized wheat starch. 

Phosphorus determinations were made on the starch and the frac- 
tions by the technique referred to by Stamberg and Bailey (1939a). 
The results obtained from duplicate experiments are shown in Table I, 
which includes the percentage of each fraction and the phosphorus 
content. 

TABLE I 


WHEAT-STARCH FRACTIONATION RESULTS AND 
PHOSPHORUS CONTENT OF THE FRACTIONS 








Fractionation results Phosphorus content 








Starch fractions 








I. Starch -- 
Il. Amylopectin from I P 21.65 
III. Amylose from I (by dif- : 78.35 
ference) 
IV. Erythrogranulose from 4 49.9 
1 after beta-amylase ac- 
tion 
V. Amylopectin from IV , : 26.75 
VI. Amylose from IV ‘ we 3.25 





Alpha- and beta-amylases were prepared by the technique described 
by Stamberg and Bailey (1939b). The action of the amylases at 30° 
on the various starch fractions was studied by using 25 cc. of 1% sub- 
strate buffered to pH 5.1 with a citrate buffer, and 12.5 mg. of the 
enzyme. The rate of hydrolysis was followed by maltose determina- 
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tions using the ferricyanide method. The results of these tests are 
shown graphically in Figure 2. Beta-amylase was allowed to act 
alone for 12 hours, at which time the action was apparently complete 
as indicated by the curves approaching an asymptote. Alpha-amylase 
was then added and the hydrolysis continued for another 12 hours. 
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Fig. 2. Results of enzyme hydrolysis. Beta-amylase acted alone for 12 hours, after which 
alpha-amylase was added. The substrates were amylopectin (II) and amylose (III) from starch, and 
amylopectin (V) and amylose (VI) from erythrogranulose (IV). 








STUDIES ON WHEAT STARCH. IV 


Discussion 


To all visual appearances the amylopectin and amylose fractions 
from the erythrogranulose were much like those from the starch in that 
the amylopectin preparations were turbid, viscous, and gave a red- 
violet iodine color, while the amylose preparations were clear, fluid, 
and gave a brilliant blue color with the same amount of iodine. The 
data in Table I show that the respective amylopectin fractions contain 
practically all of the phosphorus of the starch, or the erythrogranulose 
respectively. 

It is interesting to note that the phosphorus content of the erythro- 
granulose is only slightly higher than that of the starch and quite in 
relation to the higher amylopectin content of the erythrogranulose. 
This suggests that the portion of the starch hydrolyzed by beta-amylase 
contained phosphorus and that beta-amylase action is not inhibited 
by the presence of phosphorus in the starch. 

Beta-amylase hydrolyzed the erythrogranulose (IV) and its frac- 
tions (V) and (VI) only slightly, but attacked the amylopectin (II) 
and the amylose (III) from the starch quite readily. The rapid 
activity which followed upon the addition of alpha-amylase indicates 
that this enzyme readily hydrolyzes erythrogranulose and also the 
amylopectin and amylose derived from this fraction. 

Myrbick (1937) suggested that beta-amylase action is blocked by 
the branched chains of the carbohydrate units of the starch or by fatty 
acids or phosphorus in ester linkages. In this study the phosphorus- 
free amylose (VI) from the erythrogranulose was resistant to beta- 
amylase action and the amylopectin (II) from the starch which had a 
high phosphorus content was quite readily hydrolyzed. It is unlikely 
that fatty acids were present in the phosphorus-free amylose (VI) to 
block the beta-amylase action, since the fatty acids are usually found in 
the amylopectin fraction according to Taylor and Werntz (1927). The 
recent work by Schoch (1938, 1939) indicates that fatty acids in starch 
are not chemically combined and can be removed by extraction with 
various fat solvents. The samples handled in these experiments were 
entirely too small for fatty acid determinations. 

The data indicate that the resistance of erythrogranulose to beta- 
amylase action is due primarily to a difference in structure of the carbo- 
hydrate component of the starch remaining after beta-amylase action 
as compared to the fraction hydrolyzed by beta-amylase. This may 
be due to branched chains in the molecular structure of the starch as 
shown by the Staudinger-Husemann model. Branched systems of the 
carbohydrate units appear further supported by the fact that Myrback 
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(1938a, 1938b) has isolated a trisaccharide from starch which probably 
had a linkage other than that occurring in maltose. 

If the blocking of beta-amylase action is due to a branched chain 
structure of the starch molecules the question remains whether that 
part of the starch which is hydrolyzed by beta-amylase is made up 
entirely of straight chain molecules of the Haworth type, or whether in 
the branch chain molecules the extended parts of the branches are 
readily hydrolyzed by beta-amylase until a certain proximity to the 
branching units is reached. The latter theory with all molecules hav- 
ing the same type of structure appears more likely. 

The phosphorus-free amylose fraction (VI) obtained by electro- 
decantation from the erythrogranulose constitutes a fraction with a 
high concentration of the probable linkages in the starch molecules 
that account for the blocking of beta-amylase activity, and also con- 
tains the linkages split by alpha-amylase. 


Summary 


Wheat starch (I) was separated into amylopectin (II) and amylose 
(III) by electrodecantation. After hydrolysis of wheat starch by beta- 
amylase the residual erythrogranulose (IV) was likewise fractionated 
into amylopectin (V) and amylose (VI). The erythrogranulose con- 
tained 26.75% amylopectin (V) and the starch (I) contained 21.65% 


amylopectin (II) with the technique used. 

The amylopectin fractions (II and V) contained practically all 
of the phosphorus with only a trace present in the amylose fractions 
(III and VI). In appearance and iodine color the two amylopectin 
fractions were alike and the two amylose preparations were also similar 
in these respects. 

Beta-amylase hydrolyzed the amylopectin (II) and the amylose 
(III) from starch to an appreciable extent, but this enzyme had very 
little action on the amylopectin (V) and amylose (VI) from the ery- 
throgranulose (IV). 

It appeared evident that beta-amylase action is not blocked, al- 
though perhaps retarded, by the phosphorus in the starch, and that 
the blocking of beta-amylase action is apparently due to the structure 
of the carbohydrate in the residual erythrogranulose of starch. 
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PROTEIN FILMS AND THE SUSCEPTIBILITY OF RAW 
STARCH TO DIASTATIC ATTACK! 


Ross AIKEN GORTNER and CARL HAMALAINEN 
Division of Agricultural Biochemistry, University of Minnesota, St. Paul, Minnesota 


(Received for publication November 6, 1939) 


It is generally recognized that raw-starch preparations of different 
botanical origin may vary greatly in the ease with which the granules 
are attacked by diastatic enzymes. It is also rather generally recog- 
nized that the raw granules in different samples of wheat flours may 
show different susceptibilities toward diastatic attack (e.g., Andrews 
and Bailey, 1934; Malloch, 1929; Mangels 1926, 1936; Rumsey 1922; 
Stamberg and Bailey, 1939), and that this property may be one factor 
involved in the variable gassing power exhibited by different flours. 

Both Alsberg (1928) and Kemp (1936) have suggested the possi- 
bility that the starch granules in wheat flour may be coated with pro- 
tein films, although neither of these authors has suggested exactly the 
viewpoint which we propose. Alsberg speaks of the effect on the re- 
sistance of starch to diastatic attack as possibly due to the starch being 
locked up in a “‘gluten matrix”’ through which “colloidal membrane”’ 
the attacking diastase must diffuse before it can attack the granule. 
Kemp speaks of “flour particles’? which, under the conditions of his 
experimental technique, may mean starch or, as well, fragments of the 
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wheat-berry endosperm, and from electrokinetic studies he concludes 
that such “flour particles’’ have about 80% of their surface covered 
with gluten. It should be noted that he bases this conclusion on cal- 
culations involving studies of the cataphoretic behavior of both wheat 
starch and gluten particles. No suggestion is made that the starch 
studied might have a portion of its surface protein-covered. If such 
were the case, his calculations would be invalidated. 

Colloid chemists have recently made use of the property of proteins 
to coat inert surfaces with an adherent protein film in order to study 
the cataphoretic behavior of soluble proteins. Such coated particles 
behave electrokinetically as if they were solid masses of protein and 
migrate as such in an electric field. Loeb (1922-3, 1923-4 a, b, c) in 
this manner studied the electrokinetic behavior of gelatin and egg 
albumin coated upon collodion droplets and Abramson (1928) and 
Abramson and Freundlich (1928) later used gelatin, egg albumin, 
and hemoglobin coated upon zinc dust, quartz, and glass. Many 
recent studies on the physicochemical properties of proteins have been 
concerned with various proteins adsorbed as films on quartz, glass, or 
carbon particles. Thus from these and many other types of investiga- 
tions dealing with protein films, it has become axiomatic that inert 
surfaces in contact with most protein solutions become coated with an 
adsorbed protein film, and that such systems behave physicochemically 
as though they were wholly protein. 

Since, in the process of growth, the starch granules in the wheat 
berry are laid down simultaneously with the protein, or in any event in 
a protein-containing environment, it seemed probable that such gran- 
ules are more or less completely incased in a protein film and possibly 
it is the variable completeness or incompleteness of this film or its varied 
thickness that determines the variable resistance of raw starch to 
diastatic attack. From all available evidence, and particularly from 
electrokinetic data, it should be impossible to remove such films com- 
pletely by any simple washing processes. There is no direct evidence 
that the nitrogen content of raw starch is directly correlated with its 
diastatic susceptibility, but this is not necessarily an argument against 
the film hypothesis since a variable amount of the nitrogen-containing 
material may not be exposed in surface films but may be buried in the 
interior of the starch granule. 


Experimental 


In order to test the film hypothesis we have studied the actions of 
takadiastase upon raw wheat starch under such conditions as to insure 
the presence of more or less complete protein films surrounding the 
granules. 
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The starch was a sample prepared in this laboratory by Dr. Henry 
Reitz from Thatcher wheat. The method of preparation was such as 
to remove practically all broken or small granules, leaving a final 
product of remarkably uniform granule size. The final product was 
air-dried and no heating or chemical treatments were resorted to at 
any stage in the starch-preparation procedure. 

The takadiastase used was a highly active product in the form of a 
white powder, prepared for us by the research laboratories of the Parke- 
Davis company. It had many times the activity of the usual com- 
mercial preparations. 

The proteins used were gelatin, gliadin, and egg albumin. The 
gelatin was derived from a commercial sample which had been purified 
by extensive electrodialysis and dried after becoming isoelectric (pH 
4.70). The ash content was 0.13% but this relatively high ash content 
was due to contamination with inert porcelain dust from ball-mill 
grinding. The gliadin was a sample isolated by the Blish and Sand- 
stedt acetic acid method and used for previous studies from this 
laboratory (Sinclair and Gortner, 1933). The egg albumin was pre- 
pared by the Sorensen method, recrystallized twice, and electrodialyzed 
until isoelectric and free from sulfates. It was kept in solution under 
toluene as a preservative. 

The plan of the experiments was as follows: The raw starch (1 g. 
dry weight) was digested with 10 mg. of takadiastase in an acetic acid- 
sodium acetate buffer system in a final solution volume of 46 cc. at pH 
4.80-4.88 and 38°C. for a 3-hour period and the reducing sugars so 
formed determined by the Blish and Sandstedt (1933) method. The 
values so obtained formed the ‘‘check”’ series. 

An identical series was run simultaneously in the presence of vary- 
ing amounts of protein—the protein present ranging from 0.001% to 
0.250% of the final volume concentration. 

In a third series the raw starch, suspended in 50 cc. of protein 
solution ranging from 0.001% to 0.250% concentration, was allowed 
to remain in these solutions for 2-3 hours with frequent shaking in 
order to allow maximum film formation to take place. The starch 
was then sedimented by centrifuging, the supernatant liquid was de- 
canted, and the starch precipitate washed once in the centrifuge with 
an additional 50 cc. of water and the starch precipitate then digested 
as in the other experiments. 

In a fourth series the experiments were conducted exactly as in 
series III excepting that 1 mg. of activated papain was added to the 
diastase digest to possibly break down adherent protein films which 
might be present. 
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The results of these experiments are shown in Table I where the 
percentage increase (+) or decrease (—) in reducing sugars formed 
over the amount characteristic of the ‘‘check’’ samples is reported. 


TABLE I 


PERCENTAGE INCREASE (+) OR DECREASE (—) IN MALTOSE PRODUCTION WHEN RAW 
WHEAT STARCH WAS DIGESTED WITH TAKADIASTASE IN THE PRESENCE OF 
ADDED PROTEINS 


Series II, protein added to digest and remaining in digest during period of diastase 
action. Series III, protein added to starch, later starch washed to remove all except 
adherent protein films and then digested with diastase. Series IV, identical with 
Series III except that 1 mg. of activated papain was added to digest to possibly 
attack protein films. 








Protein concn. Series II Series III Series IV 
oy or oF o7 
oO oO 





GELATIN EXPERIMENTS 


— 3.5 
—11.0 
— 20.3 
— 46.3 
—55.5 
— 48.0 
—44.0 


GLIADIN EXPERIMENTS 


+ 0.5 
+12.4 
— 53.6 
— 56.2 
—49.0 
— 56.7 
— 69.6 


EGG-ALBUMIN EXPERIMENTS 


+ 2.5 
+ 8.6 
—35.9 
—31.0 
— 33.5 
—24.5 
— 30.6 





Discussion 


While the data show some inexplicable variations, certain observa- 
tions are clear. From all available electrokinetic literature there seems 
to be no question but that gelatin and egg albumin in nearly all con- 
centrations of protein used in the present studies would cause the 
formation of protein films on any surfaces exposed to such solutions. 
We believe that such films were formed or added to the starch surfaces 
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in our experiments and that such films were responsible for reduction 
of attack by diastase. The difference between series II and series III 
in both the gelatin and gliadin experiments is surprisingly in favor of 
the washed film-covered starch in contrast to the systems when the 
major portion of the protein remained in the supernatant liquid. 
Perhaps the protein in the supernatant liquid acted as an ‘‘enzyme 
protector” for the diastase, for all enzyme action as measured by end 
products is the net result of rate of enzyme attack of substrate and 
rate of enzyme inactivation due to environmental conditions, and 
proteins have been shown in many studies to retard the rate of enzyme 
inactivation. However, whatever the effect of excess protein may be, 
we would lay particular emphasis on the striking reduction in maltose 
production in all three experiments of series III where the protein 
present is probably largely in the form of protein films. Those data 
indicate strongly that such adherent protein films may have much to 
do with the problems of diverse starch susceptibility to diastatic 
attack. 

The addition of papain in the gliadin experiments, series IV, 
apparently largely removed the inhibiting films. Papain also ap- 
parently showed some effect in the egg albumin experiments, especially 
when the films were formed in the lower protein concentrations and 
there is a more doubtful effect of papain shown in the gelatin experi- 
ments. The somewhat anomalous papain effect in the different experi- 
ments may be coupled with (1) different rates of attack of papain on 
the different protein films, (2) diastase digestion and hence inactiva- 
tion, and (3) papain, or impurities present in the enzyme preparation 
may in turn form adherent films on the starch granules. More work 
must be done before all of the various factors which may be involved 
are separated and quantitatively evaluated. 


Summary 

The hypothesis is presented that the variable susceptibility of raw 
starch to attack by diastatic enzymes may be due, at least in part, to 
the starch granules being more or less completely incased by a protein 
film. A starch preparation composed almost wholly of uniform-sized 
unbroken granules was so treated as to induce film formation in solu- 
tions of gelatin, gliadin, and egg albumin. Marked reduction in the 
ease with which such treated starch was attacked by takadiastase was 
noted in most experiments. Certain anomalies were observed which 
require further study. 
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STUDIES OF THE USEFULNESS OF A MOTOR-DRIVEN 
SHEETER IN TEST BAKING! 


Pau. P. Merritt,? Max C MARKLEy,’ and ERNst ROTHHOLz ?* 
(Read at the Annual Meeting, May 1939) 


The introduction of a low-cost power-driven sheeting roll for small 
loaf test baking, by the National Mfg. Co. of Lincoln, Nebraska, 
offers a possible solution to the problem of mechanizing certain phases 
of the test baking procedure. The evaluation of such an instrument 
can only be made from a combination of critical tests and from day-to- 
day observations of it when placed in actual use in the test bakery. 

This sheeter is designed for two-pass operation with first-pass 
settings from 3/16” to 5/16” by 1/32” steps and second-pass settings 
from 1/8” to 1/4”. The optimum settings for each pass were deter- 
mined by a series of baking tests employing most of the practical combi- 


TABLE I 


EFFECT OF VARYING THE SHEETING ROLL SETTING 
UPON THE VOLUME OF THE BREAD 














First pass Second pass Loaf volume 
In. In, M1. 
Hand Molded — 600 
3/16 1/8 570 
3/16 5/32 575 
3/16 3/16 560 
7/32 1/8 575 
7/32 5/32 580 
7/32 3/16 590 
7/32 7/32 580 
1/4 1/8 535 
1/4 5/32 560 
1/4 3/16 600 
1/4 7/32 595 
1/4 1/4 555 
9/32 1/8 560 
9/32 5/32 575 
9/32 3/16 600 
9/32 7/32 605 
9/32 1/4 565 
5/16 7/32 595 
5/16 1/4 580 
Hand Molded — 590 





nations. The loaf-volume data from this series, in which a medium- 
strength flour was employed, are given in Table I. For this flour it 
appeared that a first pass of 1/4”’ to 9/32” and a second pass of 3/16” to 
7/32" gave the best results. However, it was later found that a first- 
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pass setting of 1/4’ was too tight for very elastic or bucky doughs, and 
also that a second-pass setting of 7/32’’ would not remove all gas from 
such doughs, so a first-pass setting of 9/32’ and a second-pass setting 
of 3/16” was selected as a working standard. This combination has 
been found in practice to work well with flours of all types, though pos- 
sibly not quite optimum for some extreme types. 

For a more critical examination of the motor-driven sheeter a series 
of baking tests involving both hand and machine punching and molding 
and three operators was undertaken. In this investigation three flours 
of quite widely varying dough characteristics were chosen. One was 
a flour milled from Minnesota winter wheat which yielded doughs that 
were very soft and pliable. The second flour was experimentally 
milled from very strong Montana spring wheat and was extremely 
elastic or bucky. This flour was intentionally undermixed in order to 
exaggerate its normal bucky nature. The third flour was a composite 
of Kansas bakery type flours which yielded a well mellowed dough at 
ordinary fermentation times. The loaf volumes from these particular 
flours as baked were not exactly in line with their strength ratings. 

Doughs were made from 400 g. of flour using the basic formula with 
the exception of double sugar. The first two flours were mixed in the 
McDuffee-Hobart mixer and the Kansas flour in the Fleischmann 
mixer. Nine doughs were mixed from each flour. From the mixer 
each dough was divided into four 160-g. aliquots and fermented and 
baked according to the basic schedule. Two operators worked simul- 
taneously, each punching and molding one aliquot by hand and the 
other by machine. The punching was done by passing the dough once 
through the sheeter at 9/32’... The sheeting for molding was done by 
two passes of 9/32’’ and 3/16” each. The operators varied in experi- 
ence. Operators A and B were long experienced with the small-loaf 
technique, while operator C was relatively inexperienced. Operator A 
had been using the sheeter for several months while B and C had used 
it but little prior to these tests. 

The resulting loaves were measured for volume and scored for type, 
crust color, crumb color, texture, and grain. The color of either crust 
or crumb did not appear to be altered by either treatments or operators. 
Loaf type, grain, and texture tended to be more uniform for the 
machine-handled loaves than for the hand ones. The greatest effect 
was upon loaf volume. 

The machine-handled loaves of both the Minnesota winter and the 
Montana spring flours were significantly higher in volume for both 
operators A and B than the hand-treated loaves, as can be seen in 
Table II. The Kansas flour behaved in a different manner, giving 
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essentially the same volume by both methods for operator B and 
slightly lower volume by machine for operator C. The variability 
of the individual operator was reduced by the introduction of the 
machine. The average standard deviation for the hand-treated loaves 
was 19.5 cc. and for the machine-handled ones 16.5 cc. When the 
increase in volume is taken into account the actual reduction in 
variability is a little greater. 














TABLE II 
COMPARISON OF HAND AND MACHINE SHEETING OF DoUGHS 
Coe ad Operator a. oO A and B A and B 
Ma- Ma- Ma- Handand 
Hand chine Hand chine Hand chine Machine 





MINNESOTA WINTER WHEAT FLOUR 





Mean 665.8 706.7 647.1 702.5 656.5 704.6 680.5 
Standard deviation 15.7 18.7 22.9 22.1 20.2 20.6 15.5 
Coefficient of 

variation 2.4 2.7 3.5 3.2 a2 2.9 y 
Standard error of mean 4.8 5.6 6.9 6.7 6.1 6.2 4.7 





MONTANA SPRING WHEAT FLOUR 





























Operator A B A and B Aand B 

Ma- Ma- Ma- Handand 

Hand chine Hand chine Hand chine Machine 

Mean 712.8 734.6 708.2 751.9 710.5 743.2 7268 
Standard deviation 17.8 15.8 18.7 14.8 19.6 18.9 12.8 

Coefficient of 
variation 2.5 2.2 2.6 2.0 2.8 2.5 1.8 
Standard error of mean 5.6 5.0 5.9 4.7 6.2 6.0 4.0 
KANSAS HARD WINTER WHEAT FLOUR 

rae Operator B . B and C 

Hand and 

Hand Machine Hand Machine Machine 

Mean 621.5 623.0 604.0 582.0 607.6 
Standard deviation 16.0 11.0 21.8 16.6 12.0 
Coefficient of variation 2.6 1.8 3.6 2.9 2.0 
Standard error of mean 5.3 3.7 7.3 $5 4.0 





In this study the inter-operator variability was not reduced by the 
sheeter. However, the operators were not a random selection since 
both A and B had had closely parallel experience in baking small 
loaves, and had learned to mold these small doughs from the same 
technician. Operator C was trained in small loaf technique by both 
A and B. Other observations have indicated that with operators 
varying widely in molding technique there is a reduction in inter- 
operator variability with the sheeter. 
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In addition to the reduction in variability the introduction of the 
sheeter reduces the time required to mold the loaves. This time-saving 
becomes important when long lines of bread are being baked on short- 
interval schedules and for variable fermentation studies. It enables 
operations to be carried out more nearly on the scheduled time. 

The sheeter has another advantage. This is the lessening of 
operator fatigue. In the baking of lines of 30 or more doughs operator 
fatigue becomes an important factor, causing a greater variability in 
the later doughs than in the earlier ones. The operator fatigue was 
not accounted for in the experiments here since only 9 doughs were 
hand molded at 10-minute intervals. 


Conclusions 


The motor-driven sheeting rolls tend to reduce the variability in 
replicate bakes by individual operators, but will not account for all of 
the variability encountered. 

The sheeter fits well into baking schedules because of its saving in 
molding time. 

The reduction in operator fatigue is an important advantage of 
mechanical dough sheeting over hand operation. 

In the opinion of the authors the motor-driven dough sheeter, 
fitted for at least two settings of the rolls, is an important piece of 
baking equipment and should be specified as official. 





TEST BAKING PAN DESIGN! 


Max C MARKLEY 
Cargill, Inc., Minneapolis, Minnesota 


(Read at the Annual Meeting, May 1939) 


The matter of correct dimensions for the pans to be used with the 
small-loaf baking test is one on which there are nearly as many opinions 
as there are test bakers. At the present time two alternative pans are 
specified which are representative of the two extremes in design. 
Neither of these pans has the 100-mm. inside bottom length which 
was adopted at the 1938 convention as a standard length for the baking 
pan, so it became imperative to redesign the standard pans. Neither 
of the present pans was designed to fit the present-day baking test. 

The high-form pan, as specified by Blish (1928), was developed by 
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the late E. E. Werner as a reduced model of the old Howard expansion 
loaf pan. The basic test, as devised by Dr. Werner, was a test of the 
diastatic activity or gassing power of a flour rather than the strength. 
For this purpose the high-form pan is very well suited. However, with 
the development of physical and chemical tests for the determination 
of diastatic activity in recent years there is now less emphasis placed 
upon the diastatic activity in the baking test and more emphasis is 
being laid upon the factors involved in the determination of the relative 
strengths of flours. When the workers in the Canadian plant- 
breeding laboratories tried out the basic test for the evaluation of their 
strong spring wheats it was soon found that the high-form pan did 
not give the differentiation in loaf volume which was to have been 
expected from the relative protein contents of wheats of similar genetic 
constitution, so they tried a low-form pan and found that it would 
more sharply differentiate the loaf volumes of flours milled from wheats 
of high protein content. This low-form pan was a baker’s sample pan 
which had been tried on a limited scale by Herman and Hart (1927). 

However, the low-form pan was found to have certain defects. It 
is too small in volume to yield well-shaped loaves of 600 cc. or greater 
volume. With the resulting tendency to the production of balloon 
tops there is less differentiation in loaf-type scores between flours than 
with the higher pan. Also the grain is not as uniform as in the high- 
form pan because of the tendency for large holes to form in a layer just 
below the upper crust. The grain in the low-form pan is usually 
spherical while in the high pan it is often vertically elongated. This 
elongated grain structure has long been considered the ideal type in 
laboratory bread scoring, but the work of Moen (1935) has cast a 
serious doubt upon this assumption. He found that there was little 
correlation between the grain of loaves baked in the high-form pans 
and that of loaves baked under commercial formulas and with standard 
commercial pans. So it appears better to use a pan which tends to 
produce a spherical grain rather than one which will give a high percent- 
age of loaves with the elongated type of structure. Several attempts 
have been made to design pans which will be better than either of the 
two types. The Pioneer Section has developed a pan which has met 
with favor in that region. Miller and Whiteside (1938) have made a 
large low-form pan for use with loaves of 800 cc. or larger. 

The Pioneer pan was shown by Davis, Leatherock, and Putnam 
(1936) to be superior to either of the two specified types for loaves of 
approximately 600-cc. volume. This pan is similar to the low-form 
pan with the exception of greater bottom area. It appears to be well 
adapted to differentiating flours in the low and medium volume ranges, 
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but is too small to be satisfactory for the larger loaves. Also the length 
of the bottom is greater than 100 mm., which has been adopted as 
standard. The Miller and Whiteside pan is very satisfactory for 
high-protein flours but does not produce satisfactory loaves of low 
volume. 

After considering all these factors it appeared inadvisable merely to 
make a change in the bottom length of either or both of the standard 
pans. The only practical recourse seemed to be to design a completely 
different pan which would combine the advantages of all types with 
none of the disadvantages. Of course it is improbable that this ideal 
could be attained, but it appears to be a goal worthy of some effort. 
The length of the pan has been previously fixed at 100 mm. The 
width of the bottom has been shown to have definite limits. The 
height should not be less than that of the low-form pan and not more 
than that of the high form. The range of dimensions is thus limited 
to a comparatively narrow selection. After some preliminary trials a 
pan having a bottom of 100 X 60 mm., top of 115 XK 75 mm. and 
60-mm. vertical depth was constructed and subjected to extended 
tests in several laboratories. This pan will be referred to as the inter- 
mediate type since it is intermediate between the extremes of the four 
types of small-loaf pans in every dimension. 

In the author’s laboratory special attention was given to loaf type 
and to grain. Wheats of all types common in the world wheat trade 
were baked in these pans with 150 g. of dough per loaf. Loaves of 
600 to 750 cc. closely approximate standard commercial one-pound 
loaves in general appearance. As might be expected the pan proved 
to be a little too wide for loaves of very small volume and not wide 
enough for those with volumes above 800 cc. The break or shred of 
loaves baked in these pans appeared to be rather closely correlated 
with the relative strength of the flours. The strongest flours tend to 
give a large smoothly shredded break while weaker flours tended 
toward rough shreds and shell tops. Green or underdeveloped doughs 
yield loaves with neither break nor shred. The grain of the loaves 
tends to the spherical type, with small even pores for good-quality 
flours. The structure is more uniform than either the high- or the 
low-pan loaves. 

P. P. Merritt has made studies of the intermediate-type pan in 
comparison with the older high-form pan. He gave special attention 
to the loaf volume. His findings are summarized in the tabulation 
below. He commented on the results as follows: ‘‘From this limited 
bake it seems that the intermediate-type pans give a considerable 
increase in loaf volume and that this increase may vary with the 
strength of the flour. The spread in loaf volume between the strongest 
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Volume in Volume in inter- 
Flour high pan mediate pan Difference 
ce. ce. ce. 
Strong spring 580 695 115 
Intermediate spring 550 670 120 
Low-protein hard winter 530 595 65 





and weakest flours has been increased from 50 to 100 cc. It is con- 
siderably easier to place the molded loaf in the intermediate pan, 
uniformly, than in the narrow high-sided tins. This should reduce 
the individual’s personal standard error although no work was done 
to establish this fact satisfactorily.” 

Earl Frank compared the new intermediate-form pan with the 
standard high-form pan. His results are tabulated below. His vari- 











Volume in Volume in inter- 
Flour high pan mediate pan Difference 
ce. ce. ce. 
Low-protein hard winter 584 639 55 
Medium-protein hard winter 662 739 77 
Medium-protein hard spring 659 747 88 
High-protein hard spring 690 780 90 





ability was a little greater with the lower pans than with the high-form 
pans which he had been using for many years. He sums up his test 
as follows: ‘Characteristics of the crumb of the loaf were better for 
the loaves baked in the high pans. Cells were smaller and more 
elongated and the color whiter. We see no advantage in favor of the 
intermediate-type pans for our own laboratory’s use.” 

G. Moen made a comparison of the intermediate pan with the high 
form pan with regard to effect of variation in absorption upon the loaf 
volumes. His data are shown below. From these data it appears that 











Dough Volume in Volume in inter- 
Absorption condition high pans mediate pans Difference 
% ce. ee. rs 
60 Stiff 670 750 80 
65 O.K. 695 740 45 
70 Soft 725 730 5 





the intermediate pan is much less critical of errors in judging absorption 
than is the standard high pan. The determination of the correct 
absorption is one of the most difficult tasks in the average laboratory 
and a pan less critical of small differences in absorption would expedite 
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much of the testing. Possibly this would reduce some of the large 
interlaboratory errors which now occur. 

The intermediate-form pan was found by Claude Davis to give 
loaves with rougher breaks and more frequent shell tops than the 
Pioneer No. 1 pan. The grain was evener in the intermediate pan 
than in the Pioneer No. 1. 

The baking-pan problem involves certain fundamental considera- 
tions underlying the baking test itself. It is impossible to design a 
pan which will give optimum results with all flours and all variations 
of the basic baking test. A standard pan should be one which will aid 
in the differentiation of flours of all types. It might not be perfect 
for any one type of flour, and it would often be impractical for labora- 
tories concerned with but a single flour type to use the standard pan 
However a standard pan may be considered primarily as a reference 
standard for interlaboratory comparisons, in the same manner that the 
basic formula and time schedule are common points of departure. It 
appears to be impractical to attempt to develop a series of pans of 
graduated size to match the loaf volumes as a standardization pro- 
cedure, so a pan suited to the median range of 550 to 750 cc., such as 
the intermediate type described here, may be best. 

Whenever it is suggested that the baking pan could be improved 
there arise several objections. The first is that since extensive data 
have been accumulated with the older pan all would be lost if there 
should be a change. This reasoning is based on the false premise that 
baking values are absolute, like protein and ash, when actually all that 
can be expected of a baking test is relative information. When this is 
realized then the objections to variations in technique from season to 
season become of little importance. Our baking test is still in the 
developmental stage and consequently must not be crystallized as yet. 

Another objection is that non-technical persons will not be able to 
interpret the results if a change is made in loaf shape or size. To this 
objection there is little to be said. After all it is the duty of the cereal 
chemist to interpret the baking results for the non-technical men, not 
vice versa. The third objection is the cost of new pans. If proper 
laboratory accounting methods are used this objection need not be 
made. Baking pans should not be carried on the property account. 
They are best handled as perishable supplies. If they must be carried 
as property, the depreciated life should not exceed five years. In a 
five-year life the annual cost per pan should not exceed 8 cents, which 
shows that baking pans are responsible for very little of the total 
laboratory costs. 

In offering this new pan to the Association as a possible partial 
solution of the perennial baking-pan problem it is hoped that other 
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workers will give attention to this problem so that in the course of 
time a pan satisfactory to all may be evolved. 
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REPORT OF THE 1938-39 SUB-COMMITTEE ON METHODS 
OF TESTING CAKE FLOURS'! 


J. W. MontTzHEIMER, Chairman 


Centennial Flouring Mills Co., Spokane, Washington 
(Read at the Annual Meeting, May 1939) 


The previous Subcommittee on Methods of Testing Cake Flour 
recommended consideration of commercial-type cake formulas, the 
preparation of photographic standards for grading interior and exterior 
characteristics, the further standardization of techniques, and the 
observation of pH in the finished cakes studied. As a result, this com- 
mittee conducted an intensive search for a test cake baking scheme 
superior to the tentative A.A.C.C. formula. 

Consideration of commercial-type test cake formulas was divided 
into two sections. The preliminary study was conducted by Coughlin 
and Wade,? who concluded that not even their detailed work was broad 
enough to suggest a “best” method for differentiating between cake 
flours. The results of their work, including the photographs of the 
cakes baked, were made available to the members of the committee. 

One of these formulas, the A.A.C.C. formula and a modification of 
each, were then submitted to the committee for study. Four com- 

1 Committee on Methods of Testing Soft Wheat. 


2 Francis J. Coughlin, and Donald Wade, Preliminary study of eight test methods, Cereal Chem. 
17: 257-258, 1940. 
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mercial cake flours were used. These included a straight-grade white 
winter wheat flour, and short patent flours from red winter,"white 
winter, and white spring wheats respectively. These flours showed 
the following ranges in analytical values: protein, 7.0% to 8.3%; ash, 
0.33% to 0.42%; pH, 5.1 to 5.4. 

The collaborators observed every possible precaution and recorded 
data on the batters and finished cakes similar to those collected by 
Coughlin and Wade. 

The total scores assigned each flour when baked according to each 
formula were used as the committeemen’s individual order of prefer- 
ence. It will be seen from Table I that these total scores in general 


TABLE I 
AGREEMENT BETWEEN COLLABORATORS ON RELATIVE VALUE OF DIFFERENT SAMPLES 


oF CAKE'FLouR AS REFLECTED BY TOTAL SCORES ASSIGNED CAKES BAKED 
FROM FouR SELECTED FORMULAS 











Collabo- Basic Modified Formula Formula Basic Modified Formula Formula 
rator A.A.C.C. A.A.C.C. No.4 No. 10 A.A.C.C. A.A.C.C. No.4 No. 10 
Flour L Flour K 
A 1 2 2 2 3 3 1 3 
B 1 1 1 1 2 2 2 q 
Cc 1 2 1 2 3 1 2 1 
D 1 1 2 1 3 3 2 3 
E 2 3 1 3 1 1 2 2 
Flour M Flour J 
A 2 1 3 1 4 4 4 4 
B 3 3 3 3 q 4 4 2 
c 2 3 3 2 4 4 4 a 
D 1 2 1 2 a 4 q 4 
E 4 4 3 4 3 2 a 1 





rated the flours in the order of L, K, M, and J from best to poorest. 
While individual differences in this order were reported, it is interesting 
to know that the averages of the collaborator’s scores for cake volume 
lined up the flours in this same order. 

As a matter of record, the A.A.C.C. formula was modified by the 
use of commercial baking powder in place of cream of tartar and soda 
and formula No. 4 was used both as given in Coughlin and Wade’s 
report with ordinary hydrogenated shortening and as modified by 
additional liquid and special emulsified-type commercial cake shorten- 
ing. It is believed that the regular A.A.C.C. formula and formula No. 
4 gave the most consistent results by all collaborators. 

The collaborative work again indicated the inadequacy of the 
present scoring system. Photographic standards for grading grain and 
shape of cake were prepared by Stamberg (1939),? who also offered 
constructive suggestions for handling the volume scoring data. 





3 Ulof E. Stamberg, Standardization of the scoring of test cakes. Cereal Chem. 16: 764-768, 1939. 
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Observations by Collaborators 


Some of the observations and comments made by collaborators are 
recorded here for such value as they may have to others studying this 
problem. 

Coughlin and Wade felt that the present scoring system placed too 
much emphasis on texture and grain and not enough on general eating 
and keeping qualities—another indication of defect in the present 
method. They point out that the color of a cake made by a creaming 
method is not always significant because contaminating metal may 
be ground from a tinned bowl. They have observed that results on 
yellow layer cakes may be unsymmetrical even with a balanced formula 
and ingredients of the highest quality because of the effects of hot 
areas and drafts in the oven. 

Stokes and Track applied the seven formulas used by Coughlin 
and Wade and two from their own laboratory to two samples of cake 
flour. They felt that each of the formulas registered differences be- 
tween the two flours. They pointed out that in the Coughlin and 
Wade data a number of cakes which appeared of equal merit in the 
photographs differed in final scores by the value assigned for total 
volume. Their view, shared by several committee members, is that 
volume scores should be recorded separately from the total score 
which in turn should represent the internal and external characteristics 
—grain, texture, moisture, and symmetry. They concluded that while 
more than one formula probably are required for testing the true baking 
characteristics of cake flour, it should be possible to set up a formula 
with sufficient variables in the proportions of sugar, shortening, liquid, 
and mixing to reflect baking qualities in a manner adequate for the 
requirements of the average baker. 

Differences of opinion still exist among members of the committee 
as to the relative value of round layers and loaf cakes. 


Suggestions for Further Study 


The committee makes the following suggestions which may serve 
to help future committees to arrive at a solution of the problem of 
properly differentiating between cake flours: 

1. Two formulas (one rich and one lean) with appropriate variations 
may be required. 

2. More detailed specifications for procedures must be developed 
and interpreted, including more specific directions for: make-up of 
batters; baking; standardization of baking conditions (moisture in 
oven, regulation of dampers, control of baking losses, determination of 
actual baking temperatures) ; cooling practices (time allowed, humidity 
conditions to be maintained); and volume measurements. 
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3. Observations should be made to determine the extent to which 
differences in mixer bowls (size and shape) influence results. 


Recommendations 


The committee recommends: (1) that the system for scoring pro- 
posed by Stamberg (1939) be given careful collaborative study, and 
(2) that an effort be made to devise a method for measuring texture 


quantitatively. 
Errata 


Through an oversight, the wrong dimensions for the loaf pan were given in the 
1937-38 report (Montzheimer, Cereal Chem. 16: 109). The recommended dimen- 
sions are: top 8” x 4”; bottom 7}” x 3}”; depth 24”. This is an oblong pan con- 
structed of 4X XXX tinned iron. 
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